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ABSTRACT 

This report contain^ the proceedings of the 1994 
meeting in which program directors examined issues related to the 
departmental and faculty involvement in precollege and outreach 
activities, teacher development, educational technology, assessment, 
and curricular reform. The keynote address, ’’The Two Cultures 
Revisited: Science and Mathematics as the New Liberal Arts”, was 
presented by Sheila Tobias. Session I, ’’Partnerships for Enhancing 
Science Teaching,” included the following presentations and panel 
discussions: ’’Strategies to Involve Faculty Members in Precollege and 
Outreach J'rograms”; ’’The Role of Science Departments in In-Service 
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’’Programs for Community College Faculty and Students.” Section II, 
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included the following ’’Educational Technology: Supplementing 
Laboratory Instruction” and ’’Educational Technology Demonstrations.” 
Section III, ’’Assessing Science Education Programs,” included the 
following presentations and panel discussions: ’’Overview of 
Assessment Strategies”; ’’Student Tracking in Research and Pref reshman 
Programs”; ’’Curricular Reform: How Well Is It Working?”; and 
’’Assessing Outreach Programs.” The report also contains the profiles 
of the programs whose directors were featured as speakers. (JRH) 
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Science Education: 
Expanding the Role of 
Science Departments 

Perspectives on 

Science Education Partnerships, 

Educational Technology, 

and Science Program Assessment 

Undergraduate Program 
Directors Meeting 



October :l-5, 1994 



Undergraduate Biological Sciences Education Program 
Office of Grants and Special Programs 



About This Report 



In the fall of each year, the Howard Hughes Medical Institute con- 
venes a meeting of directors of the programs supported by grants from the 
Institute's Undergraduate Biological Sciences Education Program. The 
purposes of the meeting are to provide a forum for the program directors 
to discuss various educational challenges facing undergraduate science 
departments, and to learn how their colleagues in other institutions are 
addressing those challenges. 

Each meeting is organized around a central theme, with plenary and 
panel sessions devoted to topics within that theme. The focus of the 
1994 meeting is Science Education: Expanding the Role of Science 
Departments. The program directors examined issues related to the 
departmental and faculty involvement in precollege and outreach activ- 
ities. teacher development, educational technology, assessment, and cur- 
ricular reform. Past meeting themes have included Institutional 
Strategies for Enhancing Undergraduate Science Education (1993): 
Enriching the Undergraduate Laboratory Experience (1992); and 
Attracting Students to Science: Undergraduate and Precollege Pro- 
grams (1991). 

This report contains the proceedings of the 1994 meeting, plus profiles 
of the programs whose directors were featured as speakers. 
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Howard Hughes Medical Institute 




The Howard Hughes Medical Institute was founded in 1953 by aviator- 
industrialist Howard R. Hughes. Its charter, in part, reads: 

The primary purpose and objective of the Howard Hughes Medical 
Institute shall be the promotion of human knowledge within the field of the 
basic sciences (principally the field of medical research and medical educa- 
tion) and the effective application thereof for the benefit of mankind. 



Biomedical Research 
Program 

The Howard Hughes Medical 
Institute is a nonprofit medical 
research organization dedicat- 
ed to basic biomedical research 
and education. Its principal ob- 
jectives are the advancement of 
fundamental knowledge in bio- 
medical science and the appli- 
cation of new scientific knowl- 
edge to the alleviation of 
disease and the promotion of 
health. Through its program of 
direct conduct of medical re- 
search in conjunction with hos- 
pitals. the Institute employs 
approximately 280 independent 
investigators who conduct re- 
search at its laboratories in 04 
leading academic medical cen- 
ters, hospitals, and universities 
throughout the United States, 
file Institute conducts research 
in five broad areas: cell biology 
and regulation, genetics, im- 
munology. neuroscience, and 
structural biology. 

I’o aid these research ef- 
forts. the Institute is involved in 
the training of graduate and 
postgraduate students in its in- 
vestigators’ laboratoi ies, has 
given substantial support to the 
international genome mapping 



program, provides research 
trainin'; to medical students 
through the Research Scholars 
Pro,;ram (conducted jointly 
with the National Institutes of 
Health), and organizes scientif- 
ic conferences, workshops, and 
program reviews. 



Grants and Special 
Programs 

To complement its research pro- 
gram, the Institute has launched 
a grants program dedicated to 
strengthening education in the 
biological and related sciences. 
'Hiis program is administered by 
the Office of Grants and Special 
Programs and is designed to 
enhance science education at the 
graduate, undergraduate, and 
precollege levels; to increase 
public understanding and appre- 
ciation of science, and to support 
fundamental biomedical research 
abroad. In addition, a compre- 
hensive assessment effort is 
under way. The Institute grants 
reach a wide range of institutions 
involved in formal and informal 
science education, including col- 
leges and universities, medical 
schools, elementary and sec- 
ondary schools, research cen- 
ters. and museums. 
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Howard Hughes Medical Institute 



The goal of the Institute’s 
undergraduate science education 
program is to strengthen the 
national quality of college-level 
programs in the biological s<'i- 
ences ana ither scientific disci- 
plines as they relate to biology, 
and to attract and retain students 
in scientific research and educa- 
tion careers. Under this pro- 
gram. grant awards are made to 
colleges and universities in sui> 
port of student research and 
other opportunities in the sci- 
ences. for equipment and labora- 
tories. for faculty and curricular 
development, and for outreach 
programs. The purpose of the 
latter is to link colleges and uni- 
versities with elementary and 
seeondary schools, community 
colleges, and other institutions in 
order to promote science and 
mathematics education. To date, 
the Institute has awarded $290 
million in grant support to 212 
colleges and universities in six 
previous rounds of competition 
(1988-1994). 

A primary objective of the 
Institute’s graduate program is to 
contribute to the continued 
strength and quality of the 
nation’s pool of biomedical 
research scientists by supporting 
opportunities for training in 
research, (Iraduate support is 
jirincipally for fellowships award- 
ed under three programs, each 
repr»‘senting a different level of 
graduate study in biological sci- 
ences. Fellowships are available 
lor predoctoral students in bio- 
logical sciences, for selected 
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medical students, and for physi- 
cian-scientists at early stages of 
their professional careers. 

Under the Institute’s precol- 
lege science education initiative, 
grants totaling $6.4 million were 
awarded in 1992 to 29 museums 
to interest children, their teach- 
ers, and families in science and 
to improve general scientific lit- 
eracy. In 1993, $4.3 million was 
awarded to 22 zoos, aquaria, and 
botanical gardens to strengthen 
their science education out- 
reach. In 1994, a total of 42 med- 
ical schools and research 
Institutions received $10.3 mil- 
lion in grant support for out- 
reach in the sciences to local 
and regional schools. 

The Institute’s research 
l esources program has provided 
support to research organiza- 
tions serving as unique national 
resource laboratories and teach- 
ing facilities. A research 
resources program for medical 
schools is a new grants initiative, 
'fhe primary objective of the lat- 
ter program is to foster the 
research activities of schools of 
medicine by strengthening their 
research infrastructure and by 
promoting the early careers of 
their basic and clinical science 
faculties, 'fhis lu'w program has 
been established to provide a 
flexible support for investigator- 
initiati'd research in the nation’s 
meiiical schools, where many of 
the pivotal advances in our funda- 
mental knowledge of biological 
processes and disease mecha- 
nisms have occurred, 
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In recoKnilion of the impor- 
tant contributions of scientists 
abroad to advances in biomed- 
ical science, the Institute has 
also launched a limited experi- 
mental program to support the 
research of a small number of 
selected biomedical investiga- 
tors in other countries. 



Undergraduate Biological 
Sciences Education Program 

The purpose of this program is to 
strengtlien the national quality of 
college-level education in the bio- 
logical sciences and other scien- 
tific disciplines as they relate to 
biology. Another important objec- 
tive is to support outstanding pro- 
grams that seek to attract and 
retain students in scientific fields, 
including women and members 
of minority groups underrepre- 
sented in the sciences. 

Colleges and universities are 
invited to compete for undergrad- 
uate grants on the basis of their 
recent records of having graduat- 
ed students who went on to 
matriculate in medical school or 
to earn a Ph.I). in biology, chem- 
istry. physics, or mathematics. 

The Institute encourages insti- 
tulions to develop programs that 
resoond to their particular 
strengths and needs. In the cur- 
rent program phase, grants are 
awarded in support of student 
research and broadening access 
programs; equipment and labora- 
tory development; and outreach 
l)rograms linking science depart- 



ments with community colleges, 
elementary and secondary 
schools, and other institutions. 

In the area of student research 
and broadening access, the Insti- 
tute enables students to engage 
in summer and academic-year 
laboratory experiences on and 
off campus. It supports prefresli- 
man bridging programs, laborato- 
ry training, opportunities for 
students to present their 
research at scientific meetings, 
and other activities that promote 
a culture of science at the under- 
graduate level. It supports efforts 
to enhance education in biology, 
integrate it with other disciplines, 
and modernize teaching laborato- 
ries through renovation and 
equipment acquisition. Science 
outreach programs for faculty 
members, teachers, and students 
at community colleges and sec- 
ondary and elementary schools 
are also supported. 

In 1988, 84 liberal arts and 
com|)rehensive colleges and 10 
historically black institutions 
were awarded $80.4 million for 
their science programs. In 
1989-1990, ,'31 research and doc- 
torate-granting universities 
received $01 million to enhance 
undergraduate science educa- 
tion. In the third round, complet- 
ed in 1991, 44 additional liberal 
ai'ts, comiifehensive, and minori- 
ty institutions were awarded 
881. .3 million in grant support. 
In 1998-1998, 48 additional 
research and doctorate-granting 
universities were awarded $.38.4 
million. In the fifth competition. 



, ^ Howard Hughes Medical Institute 

iQ 



completed in 1993, a total of 47 tion, held in 1994, 62 research 
liberal arts, comprehensive, and and doctorate-granting universi- 
minority institutions received ties were awarded four-year 
$28.5 million. In a sixth conipeti- grants totaling $86 r.iillion. 
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Preface 

Purnell W. Clioppin, M.D. ■ President ■ Howard Hughes Medical Institute 



T^he H )ward Hughes Medical 
Institute is primarily a medical 
research organization employing 
about 280 distinguished scientists 
in some of the nation’s leading 
medical centers, hospitals, and 
universities. Its grants program 
component is more like a tradi- 
tional foundation. Since its cre- 
ation in 1987, the program has 
been an important part of the 
Institute, It has launched the 
largest private science education 
initiative in U.S. history, with a 
total of .$323 million in grants, 
including $.52, .'5 million in 1994. 
The largest portion has been 
awarded to undergraduate science 
departments to expand research 
opportunities for students, mod- 
ernize course offerings and facili- 
ties. and encourage women and 
underrepresented minorities to 
pursue scientific careers. 
Colleges and universities also use 
Institute funding for outreach pro 
grams to students and science 
teachers at local schools. 

The premise on which the 
grants program was founded 
remains as true today as when it 
began, and will always be true: 
investment in science education is 
essential to ensure the future 
strength of biomedical research. 
Hut science education itself has 
changed a great deal even in that 
relatively short time. This is par- 
ticularly so at the undergraduate 
level, which is the focus of this 
report. 

Several basic assumptions 
guide the Institute’s science edu- 



I Un.MI I'residem Dr. 

I*urnell W. Choppin 
welcomes the 
undergraduate program 
directors and opens the 
meeting with a brief 
histor>' of the Institute's 
grants programs. 



cation initiatives at all levels, 
including the undergraduate 
grants program. 

■ Students learn sci(‘iice best by 
doing science 

■ Science education at the pre- 
professional levt'l should resem- 
ble a pump more than a filter 

■ The scientific community 
must play an active role in 
improving science education 

■ We in the scientific communi 
ty must foster a commitment to 
excellence, demanding great 
things not only from students, 
teachers, and schools, but also 
from ourselves. 

Another basic truth about 
research iiermeates the activi- 
ties of the undergraduate pro- 
gram: tliat research is an 
inherently collaborative enter- 
pris(’, requiring people and insti- 
tutions to form partiK'rshiiis. 



Preface xi 



whether their goal is to make sci- 
entific discoveries that will 
improve society or to increase 
student participation in biology 
and physics. The old movie 
stereotype of the lone scientist 
feverishly toiling in his (yes. it 
was always "his") lab, his genius 
manifested in a slightly crazed 
look, was never realistic, but 
without better science education 
of all kinds, it may continue to be 
the scientist’s public image. In 
reality, science is a team effort. 
Similarly, science education 
should be a team effort, involv- 
ing faculty, administrators, stu- 
dents. and the wider scientific 
and educational communities. 



Student Research 

One of the most im|)ortant areas 
that HHMl su|)p(irts at the 
undergraduate level is the direct 
conduct of research by students, 
because science is bi.'st learned 
by doing. Several of the pro- 
grams |)articipating in the 1994 
undergraduate i)rogram direc- 
tors meeting offer such research 
()|i|)ortunities. and it is clear that 
faculty commitment is the criti- 
cal factor. 

The Institute’s strong interest 
in encouraging women and 
imderreprc'sented minorities in 
science is also relT'cted in these 
activities and many other under- 
graduate science education proj- 
ects funded by HHMl grants. 
Smith College, for exani|)le. has 
developed a program aiine(l at 



drawing girls and young women 
into science by training the peo- 
ple who are the most influential 
in shaping student careers — sci- 
ence teachers and school coun- 
selors — both in the substance of 
science and in the issues that 
deter female participation. 
Those issues include peer pres- 
sure. a lack of role models, 
unequal treatment in the class- 
room. and ineffective career 
counseling. Several other exam- 
ples are discussed in this meet- 
ing .'cport. 



The Shape of Things to Come 

The terms and circumstances of 
human existence can be expected 
to change radically during the 
next human life span. Science, 
mathematics, and technology will 
he at the center of that change — 
causing it, shaping it, responding 
to it. Therefore, they will he essen- 
tial to the education of today's 
children for tomorrow's world.' 

Professional researchers 
today have awesome tools at 
their disposal, including access 
to unprecedented amounts of 
(lata and the ability to analyze it. 
Powerful database t('chn(>logies, 
as well as an impressive array of 
other electronic aids, are being 
used ill undergraduate class- 
rooms and teaching laboratoric's. 
As noted by Dr. Stephen Harri- 
son. HHMl Investigator and Pro- 
fessor of Biochemistry and 
Molecular Biology at Harvard 
I'niversity. computer graphics 
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allows instructors to transceiicl 
the old physical models. Now 
science faculty can show stu- 
dents complex structures at 
atomic levels, and demonstrate 
their biological, chemical, and 
physical properties. 

Beloit College’s BioQUhlST 
program uses computer-based 
instructional programs to provide 
research opportunities to fresh- 
man and sophomore students 
and prepare them for the chal- 
lenges of upper-division science 
courses. At the University of Cal- 
ifornia-San Diego, students are 
develoi)ing ciitical laboratory 
skills using an interactive multi- 
media computer manual in the 
introductory Biochemical Tech- 
niciues course. Th(' flexibility of 
these programs permits students 
to learn at their own j)ace and to 
continue their investigations 
beyond the laboratory setting. 

The increasing presence of 
technology in science education 
has enormous implications for 
undergraduate curricula as facul- 
ty from a variety of disciplines 
collaborate in the development of 
instructional software. It also has 
tlu' potential to bring teaching 
and research closer together 
through enhanci'd student 
res(“:ircli activities and exposure 
of nonscitmee majors to high- 
quality science instruction. 

IlIIMl-supported educational 
technologies include software 
applications, many of them 
"multimedia," in molecular biol- 
ogy, genetics, structural biology, 
physics, mathematics, biochem- 



istry, and other disciplines. The 
Institute also supports computer 
bulletin boards and electronic 
networks for teachers and stu- 
dents at the elementary, sec- 
ondary, and undergraduate 
levels. The merger of comput- 
ers and science has been taken 
a step farther at Carnegie Mel- 
lon University, which now offers 
an interdisciplinary curriculum 
in computational biology 
designed to meet the growing 
demand for scientists with 
advanced computer skills. 

As teachers experiment with 
educational technologies and 
new curricula to enhance teach- 
ing and student learning, it is 
important to understand what 
students respond to. what teach 
ing methods work, and what 
impacts follow such activities as 
mentoring and precollege expo- 
sure to science. 

Assessing the effectiveness of 
innovative educational approach- 
es like those being develop! d by 
IIHMI grantees rec|uires com- 
plex planning and data collection 
stratc'gies. Student tracking is in 
])rogress at several institutions. 
For example, VVellesle}' College 
is conducting a longitudinal 
study, called Fathways for 
Wonum in Sciimce, that tracks 
the academic and can‘er ])aths of 
oI’mS members of the class of 
Till' evaluation began when the 
women registered for courses 
and followed them as they took 
scienci' courses, si k'cted majors, 
and graduated. The study will 
also follow them after college. 
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Involving students in research 
('arly in their academic career 
has an intuitive appeal as a way to 
improve student academic per- 
formance and inspire the kind of 
interest in science that is desir- 
able in science majors and non- 
science majors alike. The 
undergraduate research program 
at the Ihiiversity of Michigan- 
Ann Arbor includes an extensive 
evaluation component that can 
discern whether participating in 
the program really does encour- 
age studeiii to take more rigor- 
ous science courses and can 
determine the specific effects of 
different aspects of the program. 
The university's evaluation 
includes a study of faculty atti- 
tudes to see if the program 
increases their interest in teach- 
ing, or otherwise shapes their 
approaches to students, especial- 
ly women and underrepresented 
minorities. 



Increased Roles and 
Responsibilities 

The nation's colleges and universi- 
ties are assuming (and being 
expected to assume) an ever- 
increasing set of roles and respon- 
sibilities. Even just a partial list 
of these... would include serving as 
a think tank, a government and 
corporate research arm. a small 
business incubator, a technology- 
transfer mechanism. a promoter of 
economic development . and 



numerous other functions in addi- 
tion to the core teaching responsi- 
bilities of the institution.. ..What is 
most important. ..is that institu- 
tions pursue (and be allowed to 
pursue) these activities in ways 
that enhance learning experiences 
for students and further the teach- 
ing mission of higher education.- 
HHMI is committed to help- 
ing the nation's colleges and uni- 
versities provide high-quality 
science programs and related 
activities to a diverse student 
population. The 1994 meeting of 
the undergraduate program 
directors was a lively exchange 
of ideas and information about 
achieving these objectives. This 
meeting report providt s an 
informative overview of the cre- 
ative approaches that are being 
developed and implemented 
with the grants that have been 
provided. And it examines in 
greater detail the directors' dis- 
cussions about the roles of part- 
nerships, computer technology, 
and assessment in improving 
science education at tlu> under- 
graduate level. 
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Introduction 



The Changing Role of Faculty in Undergraduate Science Education 

Joseph G. Perpich, M.D., J.D. ■ Vice President for Grants and Special Programs 



HHMI Undergraduate Biological 
Sciences Education grants fund 
activities that reflect the direct 
needs of undergraduate science 
programs as well as broader 
objectives in science education. 
With Institute support, science 
faculty from a range of public and 
private institutions throughout 
the nation — research universi- 
ties, liberal arts colleges, and his- 
torically black institutions — are 
developing and implementing ini- 
tiatives to attract students to sci- 
ence, particularly women and 
underrepresented minorities: 
updating curricula and enhanc- 
ing faculty: producing an array of 
educational and instructional 
technologies: improving teaching 
laboratories: and bringing sci- 
ence to precollege students, 
again with emphasis on young 
women and minorities. 

Since 1988 the Institute has 
awarded $290 million in grant 
supi)ort to 212 colleges and uni- 
versities for undergraduate sci- 
ence education. In October 1994 
the latest competition gave 02 
colleges and universities a total of 
$80 million in undergraduate sci- 
eiu e education grants. 

I'^ach tall the Institute con- 
venes a meeting of the program 
directors at these institutions, 
riie purpose is to i)rovi(le a 
forum for discussion of educa- 
tional challenges facing under- 
graduate seienct' depiirtments 
and of how tlu'y are bidng 
addressed. This meeting is one 



of five held annually by the 
grants program at the Institute 
conference center in Chevy 
Chase, Maryland. The others 
bring together, respectively, 
medical student fellows, predoc- 
toral and physician postdoctoral 
fellows, directors of precollege 
and public science education 
programs, and high school stu- 
dents in the Washington, D.C., 
metropolitan area who partici- 
pate in local Institute-supported 
activities. 

Each program directors meet- 
ing is organized around a central 
theme, with plenary and panel 
sessions devoted to topics within 
that theme. The focus of the 
1994 undergraduate' meeting was 
I'xpanding the role of science 
departments. The program 
directors examined issues relat- 
ed to departmental and faculty 
involvement in precollege and 
outreach activities, teacher chwel- 
opment, educational technology, 
assessment, and curricular 
relorm. The discussions evoked 
some compelling observations 
about the current climate for sci- 
ence education at the undergrad- 
uate and precollege levels. 



Changes in Science 

h'undamental changes are taking 
place in science at a breathtaking 
pace and reverberating through 
the nation's undergraduate sci- 
I'lice de|)artnients. Ri'si'arch uni- 
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Ms. Tobias, Dr. Joseph 
(i. Peri)ieh, HHMl Vice 
President for Grants and 
Special Programs, and 
Ms, Ciusey Clark of 
Smith College continue 
the discussion of issues 
raised by Ms. Tobijts in 
her keynote address. 



At UCIA the 




blurring of 
interdisciplinary 
boundaries has 
resulted in more 
than 100 faculty 
from II 
departments 
reorganizing 
themselves into 
“research affinity” 
groups, none 
named after an 
existing 
department. 
Instead, faculty 
now describe 
themselves in 
terms of their 
research interest- 
cell biology, 
immunology, 
genetics. 



versities must continually incor- 
porate massive amounts of new 
knowledso into their curricula 
and adjust to shifts in disciplinary 
boundaries. As with science in 
general, undergraduate depart- 
ments must realiKii in order to 
accommodate evolving interdisci- 
l)linary collaboration, expanded 
use of educational technology, 
new partnerships in outreach and 
recruitment programs, and wid('- 
spread cun iculum revisions. 

ri'.ere are significant external 
changes as well: shrinking gov- 
ernment funding, changes in 
student demographics, and 
increased public pressure for 
science to address health and 
environmental issues, rhe end 
of the Cold War is having enor- 
mous repercussions throughout 
the academic research enti'r- 
])rise, and in many disci|)lines 
scientists must compete for a 
diminishing share of federal 
research su|)i)ort. However, in 
biology, as Dr. Harold Varmus, 



director of the National Insti- 
tutes of Health, has observed, 
"Our enemy is still there." 



Creative Approaches 

To operate day-to-day in this cli- 
mate of substantive, structural, 
and environmental change is a 
constant challenge. At the sanu' 
time, undergraduate science* fac- 
ulty and deans are accepting 
new roles in such areas as 
expanding the science literacy ol 
the general population and 
improving access to science and 
higher education for women and 
underrepres(>nted minorities. 
Balancing these needs with edu- 
cational and administrative 
demands was a universal con 
cern for the departments repre- 
sented at the 19‘H meeting. It 
became api)arent, howevc'r, that 
this era of change has inspired 
an arrtiy of creative ai)i)roachei 
,'\t the I’niversity of Califor- 
nia, for example, severe state 
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budget cutbacks have led to the 
loss of hundreds of faculty and 
widespread changes in depart- 
mental structures throughout 
the university system. 'ITie cut- 
backs have directly affected sci- 
ence education at UCIA where 
tliere will be at least a 10-percent 
reduction ii< faculty and a 20-per- 
cent reduction in budget from 
1990 levels. In the process of 
ahsorbing these reductions, sev- 
eral life sciences departments 
have consolidated reci uitment 
and advisory activities, sought 
private-sector funding for labora- 
tory and computer equipment, 
and formed stronger alliances 
with the medical school. 

Ileyond issues of administra- 
tive efficiency, critical education- 
al I'eorganizations are occurring 
in the w'ay science is taught. 
Again at UCl.A the blurring o*' 
interdisciplinary boundaries has 
resulted in more than 100 faculty 
from 11 departments reorganiz- 
ing themselves into "res('arch 
affinity" groups, none named 
after an existing deirartment. 
Instead, faculty now describe 
themselves in terms of their 
research interest — cell biology, 
immunology, geiu'tics. 

Undergraduate' curriiular 
units at UCIA are based on facul- 
ty exix'i'tise rather than (lei>art- 
nieiital location. Among the re- 
sults are imirroved inti'oductory 
courses that convey recognition 
of the fact that many si'ience 
stndetits will not become scien- 
tists, but need a bi'otider under- 
standing of science for resi)onsi- 



ble citizenry. Changes like 
those at UCLA will make both 
graduate and undergraduate 
science faculty more receptive 
to interdisciplinary science in- 
struction and more broadly 
trained science graduates. 



“TWo Cultures,” Multiple 
Constituencies 

As we have sec'ii in several insti- 
tutions, curriculum refonn is 
taking place not just to accom- 
modate new developments in 
science but also greater diversi- 
ty in student populations. In her 
keynote address, Sheila I'obias 
talked about the need to over- 
come a mutual disdain between 
the "two cultures" of science and 
the humanities. The phrase was 
coiiu'd decades ago by 
renowned British idiysicist and 
writer C.B. Snow, The gulf be- 
tween the two cultures, in I'o- 
bias's view, has bc'en created in 
part by an elitist tendency in sci- 
enci', which has servi'd to "weed 
out" students. 

Mathematics and science are 
presenti'd as a set of skills to be 
mastered, Tobias said, rather 
than bodies of kiiowledge that 
have historical an l i)hilosoi)hical 
contexts. This is more in keeiiing 
with the ai)i)roaches in the 
humanities. Too many college 
students liavi' negative ex|)eri- 
ences with tlieii' scieiu’e coui'se'-;. 
leaving them with a lasting leai' 
or dislike of science. Tobias 
echoes Snow's message that edu 
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“The way tu make 
mathematics and 
science part of the 
liberal arts is I to 
think of them I as 
increasing the 
stickiness and the 
surface area of the 
student's mind 
itself so that, with 
every passing year, 
there is more 
sticky stuff in 
place, more 
yearning to know, 
and more capacity 
to learn. ...Some 
call it my ‘flypaper 
theory’ of 

education. " 

- Slu‘ila Tohias 
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7/’s really no 
different than 
being involved in 
Little League. 

Many kids enter, 
but only a few 
become athletes. 

It's the same with 
this program— 
maybe only a few 
will go on in 
science, but at 
least they've had 

the experience. " 

— .Io(* Mims 



“What telemarket- 
ing and phone 
banks did for cata- 
log sales, what 
QVC did for home 
shopping, what 
ATMs did for 
banking. Hie infor- 
mation highway is 
about to do for 
distance learning 
and higher educa- 
iion . " 

- I’»‘w Higher 
Kdiicalion 
Uoimdliihlc 



cators in both cultures must help 
bridge the gap. 

She gives Snow’s message a 
new sense of urgency with her 
observations about the increase 
in antiscience sentiments in 
recent years. ‘The way to make 
mathematics and science part of 
the liberal arts is [to think of 
them] as increasing the sticki- 
ness and the surface area of the 
student’s mind itself so that, with 
every passing year, there is more 
sticky stuff in place, more yearn- 
ing to know, and more capacity 
to learn. ...Some call it my 'flypa- 
per theory’ of education." 

Dr. Robert Hazen, research 
scientist at the Carnegie Institu- 
tion of Washington, and keynote' 
speaker for the 1993 precollege 
meeting, had expressed a simi- 
lar view. He stressed that sci- 
ence education must serve two 
different kinds of stude'iits; 
"future scientists" and "future 
citizens." There is need for a 
broader approach to science 
education so that “the remaining 
99 percent of students [who do 
not go into science 1 learn tlu' 
basic scientific concepts that 
would help them understand a 
wide rang(' of issues that affl'Ct 
their lives." 'I'liis lU'w approach 
is particularly beneficial in 
designing courses to present 
inforiiiation in ways that accom- 
modate individual learning 
styh's and encourage participa- 
tion by women and underrepre- 
sented minorities who may lack 
appreciable pn'collegi' ('xposure 
to science. 



Joe Mims, a city parks and 
recreation superintendent in 
Sacramento, commented on the 
value of the community science 
program operated by the Discov- 
ery Museum-Learning Center 
with an HHMI grant. "It’s really 
no different than being involved 
in Little League. Many kids 
enter, but only a few become ath- 
letes. It’s the same with this pro- 
gram — maybe only a few will go 
on in science, but at least they’ve 
had the experience." 



Educational Technology 

One of the most promising areas 
for improving access to scientific 
information is the prolifc'ration of 
computer-assisted materials for 
teaching science. In 199.3 the 
HHMI undergraduate program is 
reviewing the development of 
educational technology by its 
grantees. 

In a related initiative. Drs. Son- 
dra L'lzarowitz and Roy Roper, of 
the University of Illinois at 
Urbana-Champaign, have creat- 
ed an electronic network for the 
HHMI undergraduate science 
edueation program. A bulletin 
board for eommunieation among 
th(' undergraduate programs, 
and two "drop-box" addresses 
with the {'leetronie ecjuivah'iit of 
file folders, allow programs to 
post information about their edu- 
cational technologK's. 'I’lu' net 
work was established in rc'sponse 
to several requests for a eentral 
repository so that eaeh institu- 
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tion is not “reinventing tlie 
wheel" as it incorporates the new 
teclinologies into its curriculum. 

In the context of innovations in 
educational technologies. Dr. 
Alan E. Guskin, Chancellor of the 
Antioch University System, 
advanced a view of the future 
inspired by current trends. 
"Courses as we now know them 
may be radically altered so that a 
student would learn a particular 
subject area in a series of 'learn- 
ing blocks.' with one block 
focused on electronic sources, 
another on intensive interaction 
with a faculty member, a third on 
intensive lecture-discussion for- 
mats over brief periods of time, a 
fourth in real-life experiences or 
simulations, and even another 
block as a peer study group." 

The revolution in educational 
technology raises a number of 
issues of access, not only provid- 
ing computer labs at all hours, 
but also having to do with differ- 
ent learning styles and equity. As 
Dr. Deidre l.abat of Xavier Uni- 
versity of Louisiana, puts it. 
'Teachers have one teaching 
style; students have different 
learning styles." 

How these may be accommo- 
dated is indicated in a publica- 
tion of tlie Pew Higlu'r 
l-iducation Roundtable: “What 
telemarketing and phone banks 
did for catalog sales, what (^VC 
did for home shoiiiiing. what 
ATMs did for banking, the 
information highway is about to 
do for distance learning and 
higher education." 



Educational technology has 
the potential to respond to a vari- 
ety of learning styles. But there 
must be a close watch to ensure 
that access is expanded, not nar- 
rowed. and that educational soft- 
ware and publications are 
responsive to students’ individual 
needs. In keeping with its goal of 
encouraging more women and 
minorities to enter science, the 
Institute’s review of educational 
technologies will encompass 
such issues, with special empha- 
sis on broadening the access to 
educational technology for a 
diverse audience. 



A New Language 

Cyber-surfing. Mosaic. ETP. 
World Wide Web. gopher, home 
page. URL. zorch. virtual reality. 
CD-ROM. by per text.... Your 
experience — and comfort level — 
with this cryptic new language 
probably depends on how many 
trips you've taken on the informa- 
tion highway. An ('xploding 
vocabulary is just one aspect of 
th(' new intergenerational divid(\ 
but there are profound implica- 
tions in the rapidly increasing 
familiarity willi technology 
among those who will soon be 
students in undergraduate sci- 
ence departments. 

The BiotJUEST Curriculum 
Consortium at Beloit College is 
in the van.qiard of the edueation- 
al technology expansion. The 
con ■lortiiim’s director. Dr. .lohn 
jiingck. n'lninds us that /fY/r«/«g 



“Courses as we 
now know them 
may be radically 
altered so that a 
student would 
learn a particular 
subject area in a 
series of ‘learning 
blocks," with one 
block focused on 
electronic sources, 
another on 
intensive 

interaction with a 
faculty member, a 
third on intensive 
lecture-discussion 
formats over brief 
periods of time, a 
fourth in real-life 
experiences or 
simulations, and 
even another block 
as a peer study 

group . " 

—.Man K. (liiskin 
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"Scholarship and 
publications... 
signal to the world 
an excellent faculty 
and, by 

implication, an 
excellent school.... 
The great 
undergraduate 
course, in sharp 
contrast, gets local 
kudos — not 
national acclaim — 
so it can have only 
narrow impact on 
the school's or the 
teacher's 
reputation. ” 

— (ionlnn ('. Winshin 



is th(' mission at hand and we 
must not be distracted by the 
technology’s dazzle. 

A great deal is known about 
the way young people learn from 
the perspectives of cognition and 
memory. But there are social 
factors to be reckoned with. 
How do you get the attention of 
young people who have grown 
up with computers and other 
technology? People who were 
raised on "high-tech" toys and 
multimedia fairy tales take 
advanced technology for grant- 
ed. Science education must 
match this level of sophistication 
to attract and keep the interest of 
these students, who will succeed 
the post-boomer generation. 

At the I'niversity of Califor- 
nia-San Diego. Drs. liarbara 
Sawrey and Gabriele Witm- 
hausen have advanced under- 
graduate science' teaching and 
learning through educational 
technology'. With HHMl support, 
they are developing an interac- 
tive manual on biochemical tech- 
niciues that use's a series e)f 
nudtinu'dia nie)elules tei help pi'e'- 
pare students fe>r the' labe)rate>ry. 
Ce»mpe)iU'iits include inte'ractive' 
compute'i' siniulatie)ns of experi- 
iiu'iits. mexhde'S te> te'ach library 
skills for pre'paration of lab 
re'ports. e'h'ct re)iiic mail 
e'xe hange's with instructors, anel 
an on-line' map she)wing the' e'een- 
lU'Ctions be'twe'e'ii labeeratoi' y 
te'chni(|ue's, cale'ulations. anel 
classroom teepics. 

Acceereling te> Dr. Wie'ii- 
hause'ii, the' preegram shows the' 



ce)nnections between bieBogv 
and other areas of science in 
ways that allow students to 
interrelate concepts. Without 
this kind of vision, she says, 
informatie)!! remains a ce)llec- 
tie>n of trivia — data with ne) uni- 
fying theme. 



New Roles for Faculty 

A number of factors — the edu- 
cational techne)l()gy "w'ave." 
changes in the econe)my. 
changes in student de'mv)graph- 
ics — have created a new reality 
for undergraduate faculty. Pro- 
found questions are being 
raised about the faculty’s roh' in 
student h'arning. Alan Guskin 
believes that tlu'ir role must 
change (lrastically."The primary 
h'arning enviromiK'nt for uiuh'i'- 
graduate students, the fairly 
passive lecture-discussion for- 
mat where faculty talk and most 
students listen, is contrary to al- 
most ('very principle of optimal 
settings for student learning.... 
Intimate faculty-stiuh'nt contact 
that encouragc's fec'dback. that 
motivates students, and that al- 
lows students to perform is the 
exc('ption. not the norm." 

Guskin summarizes tlu' basic 
challenge for faculty nu'iiibc'rs: 
“to intc'gratc' the lU'w world of 
simulation and inteiactivc' ti'cli- 
nologies with their own unic|ue 
role as mentor, coach, facilita- 
tor. iind t('aclu'i' of student 
learning." 

Dr. Jungck put it even more 
succinctly at the program diiec- 



ERje Science Education: Exp.inding t he Role of ScieiU'c Departments^ ^ 



* >. IL 






tors nicctin r. Undergraduate 
science faculty must chanjie 
from beinj; the “sajie on the 
sta^e" or the “guide on the side” 
to collaborative researchers and 
mentors. 

In the long run, science facul- 
ty stands to gain in personal 
stature, despite the pervasive 
truth of Gordon Winston’s 
observation in his essay “The 
Decline in Undergraduate 
Teaching — Moral Failure or 
Market Pressure?" “Scholarship 
and publications. ..signal to the 
world an excellent faculty and, 
by implication, an excellent 
school. ...The great undergradu- 
ate course, in sharp contrast, 
gets local kudos — not national 
acclaim — so it can have onlv nar- 
row impact on the school's or 
the teacher’s reputation." Both 
teachers and students slntuld 
benefit from faculty’s more inter- 
active role. 

The HHMI undergraduate 
grants program will continue to 
examine the rok' of the faculty as 
more colleges and universities 
embrace innovations in precol- 
lege science education. During 
the 1994 meeting, faculty involve- 
ment emerged as one of the most 
common and difficult challenges 
facing the program directors. 
I'here was clear agreement that 
faculty must recognize an obliga- 
tion for improving i>recolleg(' sci- 
ence education, but there was 
little consensus about ways to 
increase' their participation 
beyond the sense that internal 
cultural changes are needed. 



Faculty Involvement in 
Precollege Education: 

The Xavier Experience 

At some institutions, administra- 
tors are examining precollege 
activities during tenure and pro- 
motion reviews. At others, fac- 
ulty are leading the way. The 
exemplary precollege science 
education iirogram at Xavier 
University of Louisiana was 
founded by faculty from the biol- 
ogy and chemistry departments. 
Xavier is a private historically 
black institution, where mon' 
than half of the 3,000 students 
are science majors. In 1994, 1.37 
graduates went on to graduate 
school or to research, teaching, 
or other professions. With 
HHMI support, the university 
o|)erates four precollege pro- 
grams, three of which are 
taught by professors with the 
assistance of undergraduates. 
The fourth is taught with high 
school teachers. 

Fifteen years ago Xavier facul- 
ty began to seek ways to 
increase the number of African 
American students in the health 
pnd'essions. They created a pro- 
gram to address a s|)ecific obsta- 
cle for high school students, 
namely a lack of analytical skills, 
riie result was SOAR (Stress on 
Analytical Reasoning). Next, 
using this program as a model, 
other programs were estab- 
lished to help students learn 
skills and principles in biology, 
clu'inistry, and mathematics. 
With HHMI support, the univi r- 
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One of the central 
questions in assess- 
ment is, How do 
we measure suc- 
cess in science edu- 
cation efforts? Is 
it strictly the train- 
ing of scientists, or 
is it the prepara- 
tion of an educat- 
ed citizenry? As 
Dr. Steven Zottoli 
of Williams 
College expressed 
it, “Do you want 
M.D.'s and Ph.D.'s 
or more scientifi- 
cally literate 
lawyers as well?" 



sity was able lo expand these 
programs and link iheni in a 
kind of sequence that students 
could move through over a peri- 
od of years. These programs are 
featured in a video entitled ’The 
Xavier Experience," which is 
available from the Institute’s 
communications department. 

One other approach bears 
mention. Several institutions 
are forming crossdisciplinary 
organizations for faculty who 
are interested in science educa- 
tion. At Xavier the Science Edu- 
cation and Research (iroup (for 
science and mathematics facul- 
ty) is the spearhead of precol- 
lege and curricular reform 
efforts. A similar group has 
been formed at th<‘ University of 
Arizona. 

Professor I’aul Williams 
reported that there are 8(K) biolo- 
gists in six departments at the 
University of W H'onsin-Madi- 
son, but there is no department 
of biology and therefore no sin- 
gle re.source for science educa- 
tion efforts. The solution, which 
was supported by Dr. Donna Sha- 
lala, then Chancellor at Wiscon- 
sin and now Secretary of the U.S. 
Department of Health and 
Human Services, was to form a 
Center for Biology Education, 
which operates summer insti- 
tutes and regional networks for 
science teachers. Dr. Williams 
noted that the center cannot c(*m- 
pel university faculty to parlici 
pate, so its success depends on 
individual commitment to 
improving science education. 



Assessment: What Is 
Success? 

Assessment has proved to be one 
of the most challenging tasks for 
undergraduate science depart- 
ments. At the program directors 
meeting, Orville Chapman, 
UCEA Professor and Associate 
Dean for Sciences, described 
assessment as “the crabgrass in 
the academic lawn." in part 
because it is frequently an unfa- 
miliar exercise. According to Dr. 
Chapman, assessments often 
overlook what does not work in 
favor of what does w'ork in sci- 
ence education. Publicizing fail- 
ures. he believes, runs contrary 
to the self-i)'"*'se vation instinct of 
programs. 

A number of creative 
approaches were discussed at 
the meeting, but clearly there 
are many more questions than 
answers about th(> mechanics of 
assessment. One of the central 
questions in assessment is. How- 
do we measure success in sci- 
ence education efforts? Is it 
strictly the training of scientists, 
or is it the preparation of an edu- 
cated citizenry? As Dr. Steven 
Zottoli of William.-; College 
expressed it. ’’Do you want 
M.D.’s and Ph.D.’s or more sci 
entifically literate lawyers as 
well?" Sheila Pobias talked 
about the challenge of develoi)- 
ing science programs that attract 
new students without sacrificing 
scientific rigor. Can science 
education i)rograms be designed 
to do both? 
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The University of California- 
vSan Diego included an assess- 
ment component in its HHMl 
program from the start. Drs. 
vSawrey and Wienhausen held 
this to be vital to an effective 
evaluation. Their experience 
has indicated that front-end 
planning helps ensure the col- 
lection of appropriate data dur- 
ing the course of the program. 
Moreover, an external evalua- 
tion helps ensure credibility. 
UCSD has gained national atten- 
tion for its evaluation efforts in 
the area of educational technolo- 
gy, and Dr. Sawrey is leading a 
systematic assessment of multi- 
media curriculum materi ils in 
chemistry courses. In addidon, 
an HHMl-supported laboratory 
course is yielding important 
information about what kinds ot 
presentations are efh'ctive in 
reaching students. 

Another important but difficult 
issue, identified by Dr. Martha 
Urunkleton, Vice President for 
Academic Affairs and Dean of the 
Faculty at Bates College, is the 
need to distinguish between 
effects of the program and out- 
side influences that may be caus- 
ing changes. For example, 
clianges in undergraduate sci- 
ence programs at Bates did 
increase the number of science 
enrollments and majors, but they 
coincided with national trends 
along similar lines. While the 
outcome is the same, it is crucial 
to determine the source of 
improvements for use in future 
program planning. 



One additional assessment 
issue identified at the meeting 
included the need to move 
beyond the traditional notion of 
productivity and related quantita- 
tive measures toward more quali- 
tative indicators. We can count 
the number of scientists, but as 
Dr. Susan Henry of Carnegie 
Mellon University noted, "We 
need better ways to follow our 
students' progress for several 
years and solicit feedback from 
them at regular intervals to 
determine the impact — not just of 
one class, but the entire' curiicu- 
lum — on the overall level of i)r(d> 
leni-solving skills." 

Beyond this, educators must 
grapple with the notion of mea- 
suring scientific literacy anioiig 
nonscientists, They must cope 
with the nee'd to learn from fail- 
ures as well as successes. And 
ilu'v must deal with questions 
about how to fund asses- iient, 
which can be expensive when 
outside experts are brought in to 
do a comprehensive evaluation. 

Assessment is a central con- 
cern not only for improving sci- 
ence education, but also for 
securing institutional supiiorl 
that will help ensure a stable 
future for many of the under- 
graduate outreach programs. As 
in the areas of educational tech- 
nology and precollege outretich, 
the HHM’ undergraduate pro- 
gram will b.' looking more close- 
ly at different approaches to 
assessment with a view in 
enhancing r 'gram efforts. This 
initiative wm include exploring 
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“IFf need better 
ways to follow our 
students’ progress 
for several years 
and solicit feed- 
back from them at 
regular intervals 
to determine the 
impact— not just 
of one class, but 
the entire curricu- 
lum — on the over- 
all level of 
problem-solving 

skills. ’■ 

— Susan Ileni'y 



Introduction xxiii 



live in a 
dynamic, three- 
dimensional world 
that cannot be suf 
ficiently well repre- 
sented through the 
confines of a text- 
book, scribbling on 
a blackboard, or 
transparencies on 
an overhead pro- 
jector. " 

— K(*nt K. Wilson 



"Rather than 
improving produc- 
tivity through 
mass production 
. . . the higher edu- 
cation of the future 
should embrace 
new information 
technologies that 
significantly 
improve the quali- 
ty of learning." 

St(*von Sliua 



the extent to which grantee insti- 
tutions are conducting long-term 
tracking and evaluation and pro- 
viding a forum for people in sim- 
ilar situations to share ideas and 
experiences. 



The Future of Science 
Education 

rile single most important objec- 
tive in undergraduate science 
education is, of course, to reach 
individual students. 'I'his is true 
whether the issue is incorporat- 
ing educational technology and 
computer-based instruction in :in 
introductory science course, or 
involving young women and 
underrepresented minorities in 
si ience, or assessing the effects 
of science education programs. 
While reaching individual stu- 
dents is an obvious goal, it is not 
necessarily easy to achieve, since 
students have different educa- 
tional lu'eds and different learn- 
ing styh's. 

In most cases undergraduate 
science education must serve 
two types of students: those who 
have chosen science as a career, 
and those' pursuing other careers 
who want to be "scientifically lit- 
erate.” riie latter student can be 
characlerized as understanding 
the basic principles of science, 
riiis dual purpose has enormous 
implications for every aspect of 
science education, including 
revising curricula, developing 
ins'.ructional software, and 
designing outreach programs for 
precollege students and teachers. 



The old drill-and-practice 
approach in education — "drill and 
kill" — is especially inappropriate 
for undergraduate nonscience 
majors because it does not show 
science as a whole. 

“We live in a dynamic, three- 
dimensional world that cannot be 
sufficiently well represented 
through the confines of a text- 
book, scribbling on a blackboard, 
or transparencies on an overhead 
jirojector," observed UCSl) 
chemistry professor Kent R. Wil- 
son in dt'seribing his develop- 
ment of multimedia curriculum 
materials for a physical chem- 
istry course. “Something lU'w 
was needed to display the chemi- 
cal world in all of its glory and to 
improve both the understanding 
and the retention of chemistry by 
the students.”' 

Technology inspires great 
hope for the future of science 
education. However, tlu* 
increased interest in educational 
technology raises special con- 
cerns about its potential to make 
education less arduous but not 
necessarily more effective. 
Steven Sliwa, President of 
Hmbry-Kiddie Aeronautical I'ni- 
versiiy, evoked industry’s distinc- 
tion between mass production 
and mass customization and 
called on educators to make the 
same distinction in their uses of 
technology. Ilie mass production 
model emphasizes economic effi- 
ciency and standard output'^, 
while mass customization means 
offering options and choices to 
accommodate consumers' indi- 
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vicinal preferences. In the case of 
students, this means offering 
options to accommodate individ- 
ual learning styles. 

Educational technology has 
the power to individualize 
instruction, but it must be used 
thoughtfully, It should not sup- 
plant contact between faculty and 
student, or collaboration with stu- 
dent peers. "Rather than improv- 
ing productivity through mass 
production," Sliwa writes, "the 
higher education of the future 
should embrace new information 
technologies that significantly 
improve the quality of learning." 
This advice applies not only to 
technology, but to all innovations 
in science education. 

When science educators talk 
about the future of their field, 
there is a sense that the stakes 
are very high. As Alfred North 
Whitehead once observed. "In 
the conditions of modern life the 
rule is absolute: |a country] that 
does not value trained intelli- 
gence is doomed,"' But there is 
also a strong possibility that sci- 
ence education can adapt well to 
the conditions presented by mod- 



ern life, through advances in 
educational technologv', curricu- 
lum development, program 
assessment, and other tools 
available to reshape science pro- 
grams, Improving these tools 
and using them effectively are 
rewarding challenges to those 
involved in the science education 
enterprise, HHMl is pleased to 
assist in these endeavors — and 
to present the proceedings of the 
1994 undergraduate program 
directors meeting. 
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Since 198fi the Institute’s 
Undergraduate Biological Sci- 
ences Education Program has 
awarded $290 million in grant 
support to 213 colleges and uni- 
versities for undergraduate sci- 
ence education (Figure 1). The 
goal of this program is to sup- 
port efforts to strengthen the 
national quality of college-level 
education in the biological sci- 
ences and other scientific disci- 
plines as they relate to biology. 
Another importaiit objective is to 
support outstanding programs 
that seek to attract and retain 
students in scientific fields, 
including women and members 
of minority groups underrepre- 
sented in the sciences. 

Institutions have been invited 
to participate in the undergradu- 
ate competitions on the basis of 
their recent records of having 
graduated students who went on 
to medical school or to earn 
Ph.D.’s in biology, chemistry, 
physics, or mathematics. Data for 
these assessments were provided 
by the Association of American 
Medical Colleges, the National 
Research Council of the National 
Academy of Sciences, and the 
U.S. Department of Education 
(Figure 2). 

To identify institutions as eligi- 
ble to be included in ('ach assess- 
ment. the Institute has referred to 
the 1987 classification of higher- 
education institutions by the 
Carnegie Foundation for the 
Advancement of Teaching. This 
classification is based on such 



factors as the level of degree 
offered, nature of the education- 
al mission, degree of specializa- 
tion in particular fields, and 
amount of annual federal sup- 
port for research and develop- 
ment. The Institute has also 
taken into account institutions’ 
records of preparing students 
from minority groups underrep- 
resented in the sciences to pur- 
sue scientific careers. 

Proposals are reviewed by an 
external panel of scientists and 
educators. Their evaluations, in 
turn, are reviewed by an inter- 
nal Institute committee that 
makes recommendations to the 
Institute’s Trustees, who autho- 
rize funding. 



Figure 1 



Awards to 213 Colleges and Universities 
($290 million) by Program Component, 
1988-1994 Competitions 



Kanilty development 
MS million (ll)'iiO 



('iirriculuin 
equipment, 
and labf)rator> 
development 
$1)3 million 

cm) 



Student research and 
broadening access 
$103.5 million 




Precollege and 
outreach programs 
$55.5 nt ill ion (22%) 
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Grants Competitions and 
Awards 

Phase I, 1988-1992. In the 
first pliase of the undergraduate 
program. 1988-1992. HHMl pro- 
vided a total of $175.4 million to 
181 institutions for grants to sut> 
port undergraduate science edu- 
cation. The institutions were 
encouraged to develop programs 
responding to their particular 
needs and strengths. Accordingly, 
the undergraduate program sup- 
ports a range of activities in 
numerous scientific disciplines 
at participating institutions. 
These activities include student, 
faculty, and curriculum develop- 



Figure 2 



Assessment Criteria 

In 1989^1994, institutions were assessed for participation in the 
Undergraduate BiologU^al Sciences Education Program on the basis of 
the percentage (calculated with data on total baccalaureate degree 
production collected by the r.S. Department of Education) and 
absolute number of graduates from each institution who have: 



Matriculated in medical schools 

Data Sou rce: AssovtaU on of A m vhra w Mrdica I ( '<t( teijvs. 



Earned doctorates in biology 

Data So u rce: Na tin ual Resea rch Om uril of fh e 
Natioual Academy of Sciences. 



Earned doctorates in chemistry, physics, or mathematics 

Data So u rce: Na t io ual Resea rch Con n r i (of the 
National Academy of Sciences. 



Nate: Assesswent far the /9<S9-l9fH) eampetitiau \eas tmed an (iotu far the 
furiods I97S-I9H6 (for medical schimt matrieulatiou ) and t977-t9S0 (far 
dffctorates earned in hiolagy, chemistry, physics, or mathematics). .>\sse.ss- 
men Ls for the 1991, 1992. t99i and 1994 competitions nrre based on data for 
the period l9T9-l9{iH(for medical .s^'hoot matricnlation and doctorates 
canted in hiotoyy, chemistry, physics, or rttathematics). 



numt and precollege and out- 
reach programs. 

The first phase of the under- 
graduate program began in 1988 
with the initial grants competi- 
tion in which HHMl invited 81 
private liberal arts colleges and 
18 public and private historically 
black institutions to apply for 
five-year grants to bolster their 
science programs. Following 
review of the 99 proposals by 
external and internal panels of 
scientists and educators. 44 insti- 
tutions. including 34 private four- 
year colleges and 10 public and 
private historically black institu- 
tions. were awarded a total of 
$30.4 million in HHMl grant sup- 
port. (For further information 
see Howard Hughes Medical 
Institute. Grant Programs Poli- 
cies and Awards, 1988-1989.) 

In 1989. 101 research and doc- 
torate-granting universities were 
invited to submit proposals to 
enhance undergraduate educa- 
tion in biology and related fields. 
Following review of the propos- 
als. HHMl provided grants total- 
ing $01 million to 51 universities. 
These awards were paid by 
HHMl over a two-year period. 
(See Howard Hughes Medical 
Institutf . Grants for Science Edu- 
cation. 1989-1990.) 

In 1991 a total of 98 public and 
private comprehensive and liber- 
al arts colleges and universities, 
including institutions with 
demonstrable records of educat- 
ing underrepresented minority 
students in the sciences, conux't- 
ed for undergraduate awards. A 
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total of 44 institutions, including 
10 with records of educating 
underrepresented minority stu- 
dents. received grant support 
totaling $31,5 million for a range 
of program activities. (See 
Howard Hughes Medical Insti- 
tute, Grants for Science Educa- 
tion, mo-1991.) 

The first pi'ogram phase was 
completed in 1992, when a 
fourth competition was held in 
which 98 research and doctor- 
ate-granting universities were 
invited to submit proposals. 
HHMI awarded grants totaling 
$52.5 million to 42 of these insti- 
tutions. (See Howard Hughes 
Medical Institute, Grants for Sci- 
ence Education. 1991-1992 and 
1993 Undergraduate Program 
Directory, A Listing of Program 
Directors and Grants Awarded at 
181 Colleges and Unirersities, 
1988-1992.) 



Phase II, 1993-1994. 

HHMI's 1993 and 1994 competi- 
tions mark a new phase in its 
undei'graduate program (Figure' 
3). This second phase was devel- 
oped, in part, on the basis of 
findings from HHMI's ongoing 
assessments of tlu' undergradu- 
ate program. An imiiortant 
source of information for under- 
graduate program development 
is the annual meeting of pro- 
gram directors. One finding, dis- 
cussed ('xtensively by the 
program directors, has bee'ti the 
importance of undergraduate 
research as a means of attract- 
in,g and retaining students. 



Figures 


Program Elements and Guidelines 


1988-1992 


1993-1994 


■ Student and facutty develop- 
ment — supporting undergradu- 
ate research experiences, 
opportunities for women and 
minority students underrepre- 
sented in the sciences, and 
m»w faculty appointments — 
included as program elements 


■ Student research— UKluding 
opportunities for women and 
minority students underrepre- 
sented in the sciences — 
retaim^d as program element 


^ ■ Curriculum and taboratorjif 
development — supporting new 
and revised courses, equipment 
acquisitions, and laboratory- 
renovations — included as pro- 
[ gram elemems 


■ Efpdpment and talmratorg 
da etopment — supp< irt i ng 
equipment acquisitions and lab- 
oratory- renovations for under- 
graduate laboratoiy 
courst^s — retained as program 
element 


■ Prerollege and outran h pro- 
grams included as program 
element 


■ Precollege and outreach pro- 
grams retained as pnigram 
element 


■ Support foretiuipment and lab* 
i orator>’ renovation limited to 
no percent of total grant 
amount 


■ No limitation on funding for 
equipment: funding for renova- 
tion limited to 50 percent of 
total grant amount 


■ Piv(*-year grant period 


■ Pour-y<*ar grant period 



including women and members 
of minority groujis underrepre- 
sented in science. 

The 1992 jirogram directors 
meeting focused on undergradu- 
ate research and the increased 
need for enhanced laboratory 
instruction and e(|uipment. Tlu* 
theme of the 1993 meeting was 
institutional strategies for 
enhancing undergraduate sci- 
ence teaching and learning. 

At these m etings the program 
directors noted the important 
role that colleges and universities 
can i)lay in ('iiriching precollege 
science education. A number of 
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Number of Grantee Institutions by Carnegie 
Foundation Classification, 1988-1994 

Number* 

Phase 1 Phase 11 

1988-1992 1993-1994 

Came^e Classification 


Research Universities 1 


55 


88 


Research Universities 11 


21 


11 


Doctorate-Granting Universities 1 


11 


8 


Doctorate-Granting Universities 11 


5 


5 


Comprehensive Universities and Colleges 1 


20 


18 


Comprehensive Universities and Colleges 11 




2 


Liberal Arts Colleges 1 


50 


22 


Liberal Arts Colleges 11 


S 


5 


Schools of Engineering and Te( hnol('g> 


2 


- 


Totals 


181 


100 


all insfltulions nreirittg awards hi phase 1 and ll rum/wtitiuns. 



Figure 5 



student Participation in Undergraduate 
Research: Women and Underrepresented 
Minorities, 1988-1994 



Numbi*r of students 




Nnirtber Percent 

All students Ifi.OSO 1(H) 

Women oo 

Minorities 4.441 2H 



the presentations have focused on 
grantee-developed activities to 
provide laboratory and classroom 
training for students and teachers 
from elementary and secondary 
schools and from two- and four- 
year colleges. 

The annual progress reports 
submitted by grantee colleges 
and universities are another 
important source of background 
for undergraduate program 
development. Over the six years 
of the program, the directors 
have underscored in their 
reports the importance of equip- 
ment acquisitions and laboratory 
development supported by their 
grants in enabling them to pro- 
vide instruction in the contempo- 
rary biological sciences and 
other disciplines as they relate 
to biology. In addition, they point 
to the energizing effect of equip- 
ment and laboratory enhance- 
ments on undergraduate 
research and precollege and out- 
reach programs, I'hey also draw 
attention to a critical need for 
continued support to modernize 
the undergraduate science infra- 
structure. These three program 
areas — student research and 
broadening access, equipment 
and laboratory development, and 
precollege and outreach — are 
retained as elements in the sec- 
ond program phase. 

In 199:i a total of 17.') public 
and private comprehensive and 
liberal arts colleges and universi- 
ties, including institutions with 
demonstrable records of educat- 
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ing underreprescMited minority 
students in the sciences, compet- 
ed for undergraduate awards. A 
total of 47 institutions, including 
18 with significant presence of 
underrepresented minority stu- 
dents in the sciences, received 
grant support totaling $28.,5 mil- 
lion. (See Howard Hughes Med- 
ical Institute, Grants for Science 
Education, 1994.) 

The second program phase 
was completed in 1994, when a 
sixth competition was held in 
which 140 research and doctor- 
ate-granting universities were 
invited to submit proposals. 
HHMI grants totaling $86 mil- 
lion, awarded over a four-year 
period, are supporting 62 of 
these institutions. Figure 4 lists 
th(‘ number of undergraduate 
grantees for phases I and II by 
Carnegie Foundation classifica- 
tion. Some institutions received 
grant awards in both program 
phases, as reflected in the totals. 



Summary of Program 
Activities 

vStudent Research and 
Broadening Access. Of the 
total funding of $290 million pro- 
vided in the first and second 
phases of the undergraduate pro- 
gram, approximately $KK)..6 mil- 
lion is being used at 170 
institutions for programs to 
recruit and retain students in the 
sciences, especially those under- 
represented in scientific fields, 
such as women, blacks. 



Figure 6 



Undergraduate Research by Site, 1988-1994 



On campus 
(92%) 




Corporate 
/ laboratories (9%) 

Private 

laboratories (12%) 

Government 
laboratories (17%) 

Other (21%) 



Research 
universities and 
centers (41%) 



All research sites 



Off campus research sites 



Figure 7 



Undergraduate Research by Academic 
Period, 1988-1994 




Hispanics, and Native Americans. 
The principal student activity 
support'xl under the programs is 
undergraduate research, provid- 
ing opportunities for students, 
many with no prior laboratory 
experience, to learn scientific 
concepts, terminology, and tech- 
niques while assisting scientists 
in res(‘arch projects on or off 
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New Faculty Appointments, 1988-1994 





Number 


Percent 


All faculty appointments 


2m’'- 


100 


Women 


101 


49 


Tnderre presen ted minorities 


2:1 


11 



Hllfi !r/l' k' 




Fi^re 9 


New Faculty Appointments by Scientific 


Field, 1988-1994 






Number of 


Field 


Appointments 


Cell or molecular biobigy 


’A 


Biochemist r\*. biophysics 


:17 


Neuroscienct* 


2S 


General bioloj?>' 


12 


Chemist 


Ki 


Embr\'oloiO’. dev(*lopnu*ntal bioloit> 


0 


immunolog> 


S 


Genetics 


0 


Ecology, environmental sciences 


0 


Physics 


') 


Physiol oj^’ 


') 


Biometry, hiostatistics. computational hiologv 


T) 


Microbiology, bacteriology , virology 


4 


Other scientific fields 


10 


1 Total 


208 



caiir'Ms. At a luiinlKT of institu- 
tions. tlu so rosoarch oxpcrioiKcs 
liavc b(‘( n (‘nliancod wlicn pre- 
ceded l)v training activities and 
followed by op|)ortunities for stu- 
dents to present their research 
and publish siffnificant findings. 
Since its inception in 19S8, the 
undergraduate program has sui> 
ported nearly Ki.OOO undernradu- 
ates conductinn research. Of this 



total. 55 percent are women and 
27 percent are students from 
minority groups underrepresent- 
ed in scientific fields (Figure 5), 
Most of the students conducted 
research with faculty membt rs at 
their own institutions, and a limit- 
ed number worked off campus in 
government laboratories, at other 
universities or colleges, or in jiri- 
vate corporations (Figure (i). 
Forty-five percent ot these 
research experiences took place 
during summer. 5(i percent dur- 
ing the academic year, and some 
spanned both periods (Figure 7), 
(Irantee institutions have 
reported the significance of 
undergraduate research oj)j)ortu- 
nities in attracting student inter- 
est in the sciences and helping to 
retain that interest through the 
college year-- and beyond. 
According to a number of iiartici- 
pating students. HHMI-support- 
ed research experiences have 
been major factors in gaining 
acceptance into outstanding grad- 
uate and medical iirograms and 
receiving national fellowshiiis. 
For example, several undergrad- 
uates receiving research supiiort 
through this program have gone 
on to receive fellowshiiis under 
HHMl’s highly competitive pre- 
doctoral fellowship i)rogram. 

Faculty Development in the 
Seiences. In the initial program 
I)hase. a total of 828 million has 
been used by 98 awardee institu- 
tions for science faculty develop- 
ment. including the appointment 
of new faculty members, pro 
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grains to eiiffaKt* research faculty 
ill undergraduate teaching, and 
other activities. Since 1988. 
HHMI funds have enabled 88 col- 
leges and universities to appoint 
208 faculty inenibers in a ranfjt' 
of scientific disciplines. These 
HHMI-sup|)orted appointments 
include 101 women (49 percent) 
and 28 faculty members from 
minority ffroups underrepresent- 
(‘d in scientific areas (11 ix'icent) 
(Figure 8). 

These appointments are |)ro- 
vidiiiK departments with opportu- 
nities to develop ii“w courses in 
important areas of modern sci- 
ence and to update and expand 
existing curricula. 

rile scii'iitific disciplines in 
which HHMI-supported faculty 
have been appointed include ci'll 
and nioU'cular bioloj^v’, bioclu'in- 
istry/bio|)hysics, and neuro- 
science (Fi|fure 9). In several 
cases the new appointments hav(> 
enabled institutions to bridije sci- 
ence de|)artinents, such as biology 
and chemistry, in the development 
of interdisciplinary |)ro^anis. 'Hie 
new faculty members have be^un 
to distinguish themselves at their 
collej^es and universities, which 
are re|)ortin^f ini|)ortant contribu- 
tions in teachin,i;. research, and 
institutional service. 

HIIMl |)i()vides funds for 
activities that enrich the current 
tacully scientists’ knowledjfc of 
their fields and enhance their 
ability to convey new knowledj^e 
to students. Science faculty mem- 
bers received support to partici- 
|)ate in on- and off-cam|)us 



Figure 10 



Selected New Courses by Scientific Field, 
1988-1994 



Area 


Number of 
Course§ 


General biolojo 


:i99 


Chemistry 


m 


MoIe(‘ular biolo^’ 


292 


Biochemistiy 


285 


(’ell biolog>’ 


258 


\t‘uroscien(‘e 


201 


Physinlo^^ 


Itit) 


(leneties 


102 


Laboratoiy techniques 


155 


Topics in biological scier.n^s 


142 


Physics 


140 



workshops, seminars, and train- 
ing pro^uams in the sciences. In 
addition, a number of faculty 
rt'ceived HHMI support to attend 
professional medinifs. 

Curriculum and laboratory 
Development and Equipment. 

A total of $98 million has been 
directed to the development of 
science curricula and laborato- 
ri(‘s. enablinif nearly all 218 
grantee institutions to enhance 
the quality of instruction in the 
biolo^iical sciences and other dis- 
ci|)lines as they relate to biolojfy 
(I’iuure 10). HHMI urant sup|)ort 
in this area is principally directed 
to the acquisition of modern sci- 
entific instrumentation and labo- 
ratory renovation. I he program 
also su|)|)orts the developiiKMit of 
new experiments for use in 
courses, laboratory niaiuials. and 
other instructional materials. 
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Teachers and Students in Outreach 
Programs, 1988-1994 



Number of teachers and faculty men^b<‘rs 




H Minorities H W’omen D All teachers and faculty members 

Teachers and Faculty Members 

Number Percent 

All teachers 11,8117 lOO 

Women 11.748 57 

Minorities 2.41^2 20 



Nun her of students 




I 



■ Minorities M Women □ All students 

Students 

Number Percent 

All students 40,560 KM) 

Women 21,577 50 

Minorities 21.750 54 



Since 1988 HHMl has support- 
ed the development of approxi- 
mately 3,300 courses covering a 
wide range of scientific disci- 
plines sucli as genetics, molecu- 
lar and cell biology, and 
neuroscience. Approximately 30 
fields of biology and other disci- 
plines are represented. Numer- 
ous institutions are using their 
awards to relate biology teaching 
to cliemistry, physics, mathemat- 
ics. and computer science, in 
sucii cases, biological examples 
are integrated into laboratory 
courses in tlie physical sciences 
and otlier areas. 

Another important objective 
of HHMl’s support of curricu- 
lum and laboratory development 
is the enhancement of opportu- 
nities for liands-on laboratory 
research in undergraduate sci- 
ence courses. Grantee colleg(*s 
and universities are developing 
teaching laboratories at tlie 
introductory through upper-divi- 
sion levels, providing undergrad- 
uates with researcli experiences 
tiiat may be continued in faculty 
laboratories. Institutions rei)ort 
that for many students tliesi' 
researcli exiieriences are stimu- 
lating interest in science majors 
and careers. 

I’rccollege and Outreach 
Programs. HHMl has awanli'd 
million to 18(i grantee col- 
leges and universities to expand 
('xisting linkages or to dt'velop 
new ones witii precollege and 
other institutions. 'I'lie objective 
of these initiatives is to enhanco 
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the quality of science programs 
at these institutions. They are 
also intended to attract and 
retain students in the sciences, 
particularly women and stu- 
dents from underrepresented 
minority groups. 

Programs include summer and 
academic-year laboratory experi- 
ences for teachers and students, 
summer science camps, equip- 
ment loans, curriculum develop 
ment, and classroom training for 
students in biology and chem- 
istry, physics, mathematics, and 
other areas as they relate to the 
biological sciences. Approximate- 
ly 11,800 teachers, of whom .'37 
percent are women and 20 per- 
cent are minority group mem- 
bers, have participated in 
HHMl-supported outreach pro- 
grams since 1988 (Figure 11). In 
addition, over 40,000 students, 
including !33 percent women stu- 
dents and .'34 percent minority 
students, have benefited from 
these outreach initiatives. 

Teachers from elementary, 
middle, and high schools, faculty 
members from two- and four- 
year colleges, and students from 
these institutions have been 
involved in HHMI-supported 
outreach programs. Among the 
participating teachers, approxi- 
mately (3.'3 percent have been 
from high schools, with elemen- 
tary and middle school teachers 
and two- and four-year faculty 
also significantly represented 
(Figure 12). Among the stu- 
dents, (32 percent have been 
from high schools. In addition. 



Figure 12 



Teachers and Students in Outreach Programs 
by Grade Level, 1988-1994 
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students from other educational 
levels have participated. 

Colleges and universities 
have reported on the laboratory 
activities of precollege students 
participating in HHMl-support- 
ed outreach |)rogranis. A num- 
ber of these students have 
received recognition for their 
research through programs 
such as the Westinghouse Sci- 



ence Talent Search and in local, 
regional, and national science 
fairs. Many have also been 
accepted into leading undergrad- 
uate science programs. In addi- 
tion, a number of teachers from 
elementary and secondary 
schools have noted improve- 
ments in their science teaching 
as a result of their participation 
in HHM! programs. 
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Keynote Address 

The T\vo Cultures Revisited: 

Science and Mathematics as the New Liberal Arts 

Sheila Tobias 

I want to start this talk with a question of profound importance to 
ourselves and to our nation, namely: Why is it so difficult to convince 
students and educators a'ike that mathematics and science are “liberal 
arts”? And in the course of my talk, I want to try to answer that ques- 
tion and to challenge you at your various institutions to make them so. 

One reason that mathematics and science are not perceived to be 
liberal arts is that mathematics and science have become elitist 
endeavors, meant only for a self-selected, dedicated few who would 
use them in pursuit of their careers, or for a smaller, even more elite 
number who have the potential for advancing these disciplines. 
Another reason is that the «o«-math/science professoriate know too 
little of the substance or grandeur of mathematics and science to 
include them in the history of western thought. 

As a result, math and science are presented at most of our colleges 
and universities as a set of skills to be mastered, separate from and 
indeed irrelevant to the arts and the humanities. 

With the curriculum cut up in this particular way. it’s not surprising 
that most undergraduates — both those who pursue math, science, and 
engineering and those who take the one or two required courses in 
these fields and then quickly flee — leave college convinced that math 
and science are not historical somehow, nor philosophical, nor even of 
human design and human invention. It is facts or the techniques that 
are emphasized, not how people came to know certain thing.-; to be 
true, or what caused people of a given generation to accei)t one model 
of natural reality and not another. 

When we teach the works of Aristotle. Machiavelli. and 
Rousseau — on the other side of the campus — we know, and in time 
our students know too. that those particular ideas were supplanted 
by later theories, but we teach them just the same, because these 
philosophies represented important steps in the development of west- 
ern thought. By not being treated in the same way. mathematics and 
science are made to seem fixed and unchanging and not part of any 
tradition. Not until much later, and sometimes not ever, do students 
realize' that mathematics and science are more than "the practice' of," 
and that, in fact, politics and economics, the dominant religions and 
the liere'sies they gave rise to. trade routes, and even war con- 
tributed to the (k'V{'loi)inent of scientific and mathematical thought, 
I’or while tlu'y get introductory overviews in the liberal arts, they 
study mathematics and science courses in a vertical structure of 
ever-increasing compet('nci('s. 
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In short, professors of math 
and science don’t show them- 
selves to be competing for stand- 
ing in the "liberal arts." To the 
contrary, the way mathematics 
and science are generally pre- 
sented, they are in no way con- 
nected to anything else but 
themselves. 

The fault, as I will say often in 
this talk, lies quite as much with 
tlie historians, philosophers, and 
specialists in “culture" as it does 
with tlie matliematics and sci- 
ence faculty. 

Tiie reason students have to 
discover for themselves t' at 
matliematics and science liave 
both a history and a culture is 
this: Their science and matlie- 
matics courses leave out histo- 
ry: iheir history and pliiloso|)hy 
CO irses leave out science and 
matliematics. As educators, we 
dare not countenance sucli a 
compartmentalization, for if we 
do, we replicate a larger prob- 
lem in society as a whole, name- 
ly tlie problem of two mutually 
exclusive intellectual "cultures" 
tliat, aftei' the "distribution 
requirements" are out of tile 
way. liave neither the inclination 
nor tlie means to converse. Yet 
it is tliat conversation — as 1 find 
again and again in my work— 
that is most critical for our facul- 
ty, our college students, and our 
nation to pursue. 



The Two Cultures 

We can trace tlie origin of the 
plirase "tlie two cultures" to !lie 



British scientist C.P. Snow, who 
introduced it to tlie world in his 
celebrated Rede Lecture in lt)59. 
Snow’s observation — from years 
of interviewing British sciimtists 
and members of his nation's liter- 
ary elite — was that while igno- 
rance of major literai y texts like 
Shakespeare’s plays, for exam- 
ple. would not be tolerated 
among self-styled intell'X'tuals. 
scientific illiteracy was often 
worn like a trophy. His example, 
made famous in liis book The 
Two Cultures, is tliat writers and 
other nonscience elites could not 
explain — wlien lie asked llieni 
specifically to do so — tlie signifi- 
cance of tlie second law of tlier- 
modynaniics. Most of tliem, in 
fact, didn’t know what he was 
talking about wlien he men- 
tioned tlie Second Ixiw. 

Snow’s criticism was not 
aimed solely at literary elites, in 
liis interviews witli wide-ranging 
groups of British scientists. Snow 
found comparable insularity: sci- 
entists do not read widely for aes- 
thetic or inspirational pleasure: 
novels, liistory, poetry, and plays 
matter very little to tliem, and for 
tlie humanities, tliey liave nearly 
univei'sal disdain. Snow was not 
just tlirowing lirickbats. As a 
professional pliysicist and some- 
time novelist lie was coneerned 
tliat tlie lack of a common lan- 
guage between tlie two cultures 
could it ad to liostility. 

Snow was aware tliat the sci- 
entific culture is no monolitli 
(Uid tliat niiiny biologists do not 
liave anytliing lint ;i lui/y under- 
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standing of modern physics (and 
the reverse), but he believed 
that, compensating for this, 
there are among scientist-intel- 
lectuals “common attitudes, 
common standards and patterns 
of behavior, common approach- 
es and common assumptions."' 
commonalities that our stu- 
d(Mits — all of them, not just our 
science majors — should know 
about and appreciate. 

For one thing, as Snow ex- 
pressed it. “(scientists! have the 
future [not the past] in their 
bones." They are less im- 
press(‘d with things (or ideas) 
that once held sway than with 
emerging truth. For another, 
they are skeptical of ideas that 
are advanced only on the backs 
of arguments and not rooted in 
empirical fact or experiment. 
Third, they share a similar expe- 
rience of being “excluded." even 
looked down upon, by the 
literati.' For while they are 
clear thinkers, they d(»n’t talk in 
terms of recent authors or liter- 
ary metaphors. As a result, peo- 
ple who are not like them think 
that scientists are not consid- 
ered “intellectuals" at all by the 
other group. 

Snow himself bridged the two 
cultures. He was a scientist and a 
writer as well. As pai t of his con- 
tribution to manpower planning 
for Mritain during World War II. 
he and his colleagues had inter- 
viewed nearly 2^t percent of his 
nation’s scientists. He found 
them to be. as far as literary cul- 
ture was concerned, impover- 




ished. He also knew his literary 
colleagues and described them 
as impoverished as well: “'Fhey 
...like to pretend that the tradi- 
tional culture is the whole of ‘cul- 
ture.’ as though... the .-.cientific 
edifice of the physical world was 
not. in its intellectual depth, com- 
plexity and articulation, the most 
beautiful and wonderful collec- 
tive work of the mind of man." 
So meager is their education in 
science, according to Snow, that 
even if they wanted to know the 
scientific edifice, they couldn’t, 
because they knew too little of its 
basics. “As with the tone-deaf," 
he wrote, "they don’t know what 
they miss."' 



K(‘ynt)ti‘ spoaker Ms. 
Sheila Tobias challenges 
the “two cultures" of 
sci(*nce and liberal arts 
education to join forces 
on behalf of science 
literacy. 



The Industrial Revolution 

W'hat was the source of mutual 
disdain between the two ctdtures? 
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Snow, of course (as we all do) 
laid much of the blame on edu- 
cation: too early specialization 
in the English system and too 
little commitment to a rigorous 
general education in science, 
even in the American. But 
more provocatively, he traced 
the beginning of the disparity 
(and mutual disparagement) 
between the two cultures to the 
industrial revolution. 

The industrial revolution, he 
pointed out. did not engage Eng- 
lish or American intellectuals. All 
the new thinking involved, he 
said, was done by “cranks and 
clever workmen."' While the 
Germans educated their young in 
the applied sciences, the English 
and Americans excluded engi- 
neering from their elite colleges 
for a much longer time. As a 
result, those who comprised the 
intellectual circles in our two 
countries were not able to com- 
prehend what was happening as 
farming was replaced by mining 
and manufacturing. 

Flven though subjects for poet- 
ry and fictions were there to be 
mined, only I..ewis and Dreiser in 
this country. Dickens. Ibsen, and 
Zola, in Europe, took their "imag- 
inative sympathy" to the 
"hideous back-streets, tin* smok- 
ing chimneys." and the technolo- 
gies of the industrial revolution.' 
Most of the writers elected to 
"contract out.” as Snow put it. 
denying or denigrating the 
industrial revolution. 

Snow was not just concerned 
about the lack of understanding 



between the two cultures, but 
about the political consequences 
of this polarization as well. If 
decision-makers did not know 
enough science, they would not 
be able to make sense of the 
advice scientists provided (not 
even be able to judge which sci- 
entists’ advice to take) — a prob- 
lem that has come home to roost 
in this country as more and more 
policy determinations involve 
technology and science. 

Still, for all his critical dissec- 
tion of the gap between the two 
cultures, the problem as Snow 
saw it in 1959 was “regrettable" 
but not yet really dangerous. 
The situation in Snow's day had 
not yet reached disastrous pro- 
portions. The "moderns" (today, 
we would add the postmoderns), 
like their predecessors the* 
"romantics." made of their scien- 
tific illiteracy a kind of fetish. But 
the great mass of the people 
appeared to Snow at least to 
retain a confidence in science, 
even if they were ignorant of it." 
The point is. at the time of 
Snow’s commentary, anti-science 
did not yet abound. 



The Anti-Science Movement 

Over 55 years have passed since 
Snow’s Rede Lecture. In that 
period, the semiconductor revo- 
lution has taken its rightful place 
as a "second industrial revolu- 
tion"; the structure of the DNA 
molecule, only just cracked by 
Crick and Watson in the period in 
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which Snow was writing, is now 
the basis of biology. In that same 
period, American education has 
gone through at least two cycles 
of reform, involving the New 
Math, hands-on science, and 
phonics in the elementary 
grades, and general and interdis- 
ciplinary education, writing- 
across-the-curriculum, and 
physics-for-poets in college. 

Despite all this, science illiter- 
acy appears to have entered a 
second, more pernicious stage, 
fueling a widespread opposition 
to science — in opposition, to 
quote physicist and science his- 
torian Gerald Holton, that 
"threatens to topple the Enlight- 
enment-based tradition on which 
scientific discourse and democra- 
tic politics are based."' 

The conference at which Ger- 
ald Holton made these remarks 
was not about science literacy 
per se; not even about the Two 
Cultures; but, as I read it, some- 
thing of an update on the issue 
Snow had raised in 19,')9. It was 
the first post-Cold War gather- 
ing of Soviet and American scien- 
tists, called to help the Soviets 
deal with a “Glasnost-released" 
flowering of publications promot- 
ing "other ways of knowing" 
from mystics, clairvoyants, 
astrologers, and the like. 

fhe title of the conference is 
revealing. It was called “Anti-Sci- 
ence, Anti-Technology Move- 
ments in the II. S. and USSR." 
Holton’s keynote address set the 
tone, 'file issues embedded in 
“anti-science/anti-technology." 



said Holton, are not just inade- 
quate supplies of future scien- 
tists or erroneous policy 
decisions made by science-igno- 
rant elites, but constitute a threat 
to a secular rationalism on which 
the modern tolerant society has 
been based. 

For Holton, more than for 
Snow, there is a real peril for the 
two nations in science illiteracy, 
for, as he said, “History has 
shown repeatedly that a disaffec- 
tion with science and its view of 
the world can turn into far more 
sinister movements." Scien- 
tists, said Holton, like Snow 
before him. are partly to blame. 
It is their elitist indifference to 
what common people learn in 
school. As a result, more and 
more people — even college-edu- 
cated adults — are turning 
toward a “powerful counter- 
vision" of the world that involves 
the “delegitimization" of conven- 
tional science and tlie promotion 
of an alternate “pseudoscience” 
in its place. 



Toward a General Education 

I ask you today to consider what 
faculty, graduates, and students 
are to make of these two analy- 
ses and. more importantly, how 
these might inform our delibera- 
tions on the content and meth- 
ods of any general education 
curriculum we might envision 
for the liberal arts. 

First, we should acknowledge 
that nonscience students (partly 
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because of math avoidance, 
partly because of the way sci- 
ence is presented) will resist a 
science (or mathematics) com- 
ponent of a general education 
curriculum more than they will 
any other subject matter until 
and unless it is made to bear 
some relevance to their lives 
and work. Second, we need to 
acknowledge that in their dis- 
dain for (or fear of ) science and 
mathematics, our students are 
very often reflecting views that 
they see around them, not just 
at home or in popular culture, 
but in the way the disciplines 
are divided on their own cam- 
pus. Third, it will require an 
enormous and painful ideologi- 
cal shift on the part of science 
(and mathematics) faculty when 
we ask them to introduce liberal 
arts students to their disciplines 
in ways they are unused to. 

In any discussion of a future 
liberal arts curriculum these 
should be our goals: 

■ The “liberal arts" should not 
obliterate the distinctions 
between disciplines, but should 
make students more knowl- 
edgeable about them. Upon 
graduating from general educa- 
tion courses, students should be 
aware that there are very many 
ways of attaining truth, and be 
master of more than one. 

■ The faculty should itself 
become at least as broadly edu- 
cated as we want our students to 
be. This may mean involving fac- 
ulty in learning new subjects and 
new ways of knowing — a task 



that is difficult for adults who 
have not crossed a disc'^linary 
boundary in years. 

■ Faculty not involved in plan- 
ning or teaching general educa- 
tion science and math courses 
should be familiar enough with 
their content and pedagogy to 
make substantial reference to 
them and to recommend them 
(certainly not to denigrate 
them as “watered down" sub- 
ject matter) in other courses 
that they teach. 

■ In short, general education 
has to be an educational experi- 
ence not just for college students 
but for college faculty as well. 

How does one go about gener- 
ally educating the entire commu- 
nity? I want to recommend, as 
one possibility, a model of cross- 
disciplinary exploration that I 
have used in researching the 
question “What makes science 
(and mathematics) hard?” but 
which could just as well serve as 
a model for faculty participation 
in general education. 

Since 1984 I have been investi- 
gating the resistance of other- 
wise intelligent students to 
science, and the elitism and insid- 
er/outsider notions that instruc- 
tors in science bring to their 
leaching. To examine these 
issues, I have conducted a series 
of experiments where nonscience 
faculty acted as "surrogate learn- 
ers" in introductory chemistry, 
physics, and calculus courses 
(and once, in a reverse experi- 
ment. where science and engi 
neering faculty acted as 
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"surrogate learners" in the seri- 
ous study of poetry). 

In these experiments, 1 found 
that because they were newcom- 
ers to these fields, these outside 
faculty were able to notice the 
kind of packaging (delivery sys- 
tems, one might say) that 
accompany lessons, labs, 
demonstrations, and even exami- 
nations, in science, and to articu- 
late problems that ordinary 
undergraduates might not be 
able to sort out from the new 
material itself.” There was in 
science, for example, too little 
overview, loo little discussion 
and debate, loo much emphasis 
on problem-solving skills — unin- 
spiring homework assignments 
and examinations and altogether 
not nearly the intellectual adven- 
ture they wanted from science.' 
None of the faculty engaged in 
my experiments would have 
described himself or herself as 
"anti-science." But the courses, 
as they experienced them, did 
not prepare them to defend sci- 
ence or the scientific world view 
in the face of anti-science or sci- 
ence ignorance. 

The challenge of being a 
novice in someone else’s field 
works both ways. When 1 
placed 14 science and engineer- 
ing faculty in a seminar on 
Chaucer and Wordsworth in 
what was for them a new liter- 
ary criticism frame of refen-iice. 
the learners found themselves 
butting against similar walls, 
some self-imposed, some the 
result of certain closed-ended 



traditions in humanistic teach- 
ing. And these walls got in the 
way of their understanding of 
the material being presented 
and caused them difficulty in 
understanding poetry and 
appreciating the power of the 
analytical methods employed to 
make sense of poetry.'" 

Scientists and engineers, for 
example, were uncomfortable 
reading something they did not 
understand and having to find 
various levels of meaning, even 
when they knew this was the 
whole point of the exercise. 
Claims that “the poet intended..." 
or that the “poet’s audience 
would have recognized..." left 
them unconvinced. For the scien- 
tists and engineers, the problem 
was partly presentation — “too 
many words" and not enough 
visual hints or displays — partly a 
course sequence they character- 
ized as "meander and grope" 
instead of a step-by-step building 
toward understanding. As for 
their written assignments, sci- 
ence and engineering faculty did 
not know how to deal with ques- 
tions that rewarded clever play- 
fulness rather than rigorous 
analysis, and minded that they 
were marked "wrong" if their 
papers were too short. 

Beer perspectives encounters, 
as 1 call them, could provide a 
sort of dress rehearsal for gener- 
al ( (lucation. Here's why; 

■ Because they are not barred 
by anything other tiian the disci- 
plinary barrier— -they are not 
unintelligent, not unfocused, not 
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unmotivated — nonspecialists 
could lay out for disciplinary spe- 
cialists precisely what keeps the 
two cultures apart. 

■ Problems and resistances that 
students might have could be 
aired and addressed before the 
courses are taken to them. 

■ Faculty in certain fields who 
might otherwise “contract out” 
of general education because it 
does not reflect their priorities, 
could be more productively 
engaged. 

The alternative to this dress 
rehearsal for general education is 
more rather than less division 
between the two cultures. We 
want to show students that the 
two cultures connect and overlap, 
not that they are estranged. 



Conclusion 

Not everyone needs to under- 
stand science as a scientist does; 
not everyone can. But the large 
majority must understand much 
more than they do now. To 
accomplish that, in my view, our 
scientists and mathematicians 
must learn how to teach stu- 
dents who are not just younger 
versions of themselves. It is 
essential for them to realize that 



they are dealing not just with 
subject matter but with human, 
malleable minds. 

The way to make mathemat- 
ics and science part of the liber- 
al arts, then, is not to think of 
our teaching as piling one slab 
of new knowledge upon another. 
But rather to think of it as 
increasing the stickiness and 
the surface area of the student’s 
mind itself so that, with every 
passing year, there is more 
sticky stuff in place, more 
yearning to know, and more 
capacity to learn. 

One way to assess a general 
education or liberal arts curricu- 
lum. then — and this is one that 
meets my “stickiness” test (some 
call it my flypaper theory of edu- 
cation) — is to find out not just 
what students know a he end of 
four years, but what they want to 
know and what they intend to go 
on learning for life. And this 
learning for life must include 
mathematics and science under- 
stood as liberal arts until, for 
each individual college student, 
the two cultures cease to be two, 
but are understood to be — as 1 
understand them — a composite 
gift of past generations to enrich 
and to guide our personal and 
|)iofessional lives. 
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television journalist and adminis- 
trative positions at Cornell Uni- 
versity (1967-1970) and Wes- 
leyan University (1970-1978). 



From 1978 to 1981 she directed 
math anxiety projects with the 
Institute for the Study of Anxi- 
ety in learning of the Washing- 
ton School of Psychiatry. Wash- 
ington, D.C. 

Her current research interests 
include a long-standing study 
involving nonscience faculty in 
artificial learning situations to 
see what makes science hard to 
comprehend: mathematics avoid- 
ance and anxiety: and assess- 
ment and evaluation of students, 
curricula, and programs. Her 
commitment to the field of 
women’s studies involving sci- 
ence and mathematics has 
spanned twenty-five years. 

Ms. Tobias has written and 
coauthored severai books in 
these areas. Among her most 
recent publications are Breaking 
the Science Barrier, with Carl 
Tomizuka (The College Board): 
They're Not Dumb, They're Differ- 
ent: Stalking the Second Tier, and 
Revitalizing Undergraduate Sci- 
ence: Why Some Things Work and 
Most Don't (Research Corpora- 
tion): and Overcoming Math Anx- 
iety (W. W. Norton). To be 
published soon are Dt-Class 
Examinations: New Theory, New 
Practice, with Jacqueline Raphael 
(California State University 
Press) and Science as a Career: 
Perceptions and Realities 
(Research Corporation). In addi- 
tion. she has published articles 
in many journals. 
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Strategies to Involve Faculty Members in Precollege and Outreach Programs 

Xavier University of Louisiana ■ Deidre Labat, Ph.D., Jacqueline Hunter, Ph.D., JW Carmichael, Ph.D. 



vier University of I^ouisiana has developed an educational path- 
way program beginning as early as 8th grade to nurture promising 
African American students through high school and the university and 
into a graduate or professional school in the biomedical sciences. The 
panel for the plenary presentation included three Xavier faculty mem- 
bers instrumental in the pathway programs. Dr. Jacqueline Hunter 
presented an overview of the program and the university. Dr. JW 
Carmichael described successful strategies to involve faculty in the 
program. Dr. Deidre l.abat moderated the discussion. Participants 
wanted to know more about professional recognition for faculty 
involvement and about the administrative infrastructure to support 
that involvement. They also asked how well high school students in 
the program do and how more science students might be persuaded 
to see graduate school as an alternative to medical school. 



Presentations 

Xavier University is a small, his- 
torically black liberal arts college 
located in the center of New 
Orleans. Dr. Hunter said. Since 
1986 the student population has 
grown 7.6 percent, and in 1994. 
52 percent of the university’s 
3.282 students were enrolled in 
science disciplines. Xavier has 
been particularly successful in 
placing these students in bio- 
medical professional schools and 
graduate schools of science. 

In 1993 Xavier was number 
one nationally in placing African 
Americans into medical schools. 
Dr. Hunter said. In the past. 93 
percent of these students who 
(lid go to medical school gradu- 
ated or are still persisting and 
on track. 

In 1994 the university placed 
157 graduates in science-related 
graduate or professional schools, 
including 12 in biology or chem- 
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istry graduate programs and 55 
in medical schools. The high 
placement figures result in large 
part from the university’s suc- 
cess in preparing African Ameri- 
cans for these schools. 
Nationally. 27 percent of African 
Anierican college freshmen with 
ACT scores of 24 or higher even- 
tually enter graduate or profes- 
sional schools. At Xavier, 
however. 57 percent of such 
freshmen go on to medical 
school alone. 

Four activities comprising an 
educational pathway — support- 
ed in part by HHMI grants— 
play key roles in the preparation 
of Xavier students for graduate 
work in biomedical sciences, 
said Dr. Hunter. The first is the 
.Summer Science Academy, 
offering problem-solving-orient- 
ed programs for students in 
grades 8 through 12. MathStar. 
BioStar. and ChemStar prepare 
students for high school alge- 
bra. biology, and chemistry. 




SOAR (Stress On Analytical Rea- tors in some cases provide 
soning) prepares students for administrative and intellectual 
college-level academics. support, help secure profession- 

The second activity, known as al recognition, and offer faculty 

Triple S (standards with sympa- their choice of tasks to under- 

thy in the sciences), provides take. Many faculty at Xavier 

support for underprepared need only to be convinced that 

Xavier students in entry-level their efforts will be worthwhile 

biology, chemistry, mathemat- before they become involved in 

ics, and physics courses without the activities, he said. In one 

compromising standards. The instance, 25 faculty members 

support comes from modifica- from four departments turned 

tions in the curriculum, includ- out on a Saturday to help write 

ing course standardization, vocabulary-building exercises 

inquiry-based laboratories, mon- for the students. Members of the 

itoring of students’ academic physics and mathematics depart- 

progress, and encouragement of ments were significantly 

group studying. involved, as well as those from 

The third is the Biomedical biology and chemistry. 

Honors Corps, a systematic One obstacle to faculty 
effort to identify African Ameri- involvement in outreach and 
cans with interest and ability in precollege activities has been a 
the sciences and to provide perceived lack of professional 
them nonacademic support to recognition for their contribu- 
improve their chances of getting tions. Dr. Carmichael said, 
into graduate and professional Some faculty still view research 
schools. Workshops give Honor and publication as the chief 
Corps members information on route to professional advance- 
which courses to take, where ment. But Xavier is a relatively 
summer programs are offered, small school and recognizes 
how to apply to graduate teaching and related activities 
schools, and what careers are when considering tenure and 
available in science. promotion. And program coordi- 

The fourth activity is the Sci- nators make sure that adminis- 
ence Education Research (iroup, trators know when faculty 
a voluntary association of mathe- contribute to the program, 
matics and science faculty who The program tries to encour- 
meet weekly throughout the aca- age faculty to participate by ask- 
demic year to plan, coordinate', ing them for suggestions and 
implement, evaluate, and modify .giving them choices. Some typi- 
the first three activities. cal questions are: What do they 

To get faculty involved in want to do? Would they like to 
tlu'se activities. Dr. Carmichael contribute' te> erne e>f the special 
e'xplained, preigram aelministra- te'xt beieiks feir the preigram? 
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Would they prefer to rewrite 
one? The program makes it clear 
that faculty will receive recogni- 
tion for participating. 

The program also tries to 
make participation easy for facul- 
ty by assuming the administra- 
tive work. In 1994 student 
workers in tlie premedical advis- 
ing office processed around 2.00() 
summer program applications, 
ordered books, and handled most 
other administrative chores. Dr. 
Carmichael admitted that sum- 
mer programs were especially 
difficult to run, primarily because 
tile administrative support nor- 
mally available during the aca- 
demic year is oftt'ii lacking 
during the summer. 

One of the inosi effective 
means of bringing faculty into 
the program has been the Sci- 
enci’ Kducation Research Group. 



It includes faculty from several 
departments, provides a forum 
for discussing issues in science 
education, and serves as a sup- 
port group for faculty interested 
in exploring better ways to teach 
science and in publishing their 
results. The group also functions 
as a vehicle for ensuring that 
such activities are reported to 
and recognized by the adminis- 
tration. Dr. Carmichael said that 
faculty participating in these 
Iirograms now include this exjie- 
rience in their resumes for 
tenure and rank review. 

Dr. Ixibat cautioned, however, 
that not every professor at 
Xavier "buys 100 percent" into 
the activities. Some faculty 
members in biology, chemistry, 
and mathematics still spend 
most of their time writing grant 
proposals and conducting 



Drs. .lacqueline Hunter, 
.I\V Carmichael and 
Deidre Labat nf Xavier 
fniversityof LouLsiana 
de.scribe their .slrate)?ies 
to involve faculty 
members in their 
successful precolleKe 
programs for attract iiiK 
minority students into 
science. 
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Dr. Graham Walker, 
Mas.sachusetts Institute 
of Technology, offers a 
view from the audience 
during a plenar> 
session. 



research and do not actively par- 
ticipate in the programs. 



Discussion 

Faculty Involvement as a 
Factor in Tenure. Pai ticipants 
raised questions concerning fac- 
ulty expectations and rewards in 
regard to involvement in precol- 
lege and outreach programs. Dr. 
Hunter replied that Xavier facul- 
ty are given tenure based on 
teaching, scholarship, service to 
the university, and service to the 
community. The rank and tenure 
committee has recognized as 
research publications more than 
;U) papers by members of the 
Science Education Research 
(Iroup. The group itself is a uni- 
versity committee, so member- 
ship in it counts as service to the 
university, 'reaching in the 
Summer Science Academy is 
considered service to the com- 
munity. And at Xavier, teaching 



ability is valued highly and an 
important consideration in 
tenure review. 

Dr. Michael Wells reported 
that his department at the Univer- 
sity of Arizona has attempted to 
recognize officially the activities 
involved with science outreach 
and science education. For new 
faculty, a letter of offer toward 
tenure serves to outline profes- 
sional responsibilities for tenure 
in spelling out which activities 
will be considered. 

Providing an Infrastructure 
for Outreach Faculty. Partic- 
ipants asked about the type of 
infrastructure needed to main- 
tain the Science Education Re- 
search Group as a viable entity. 
According to Dr. Carmichael, 
the nucleus of the group con- 
sisted of the faculty who have 
spent considerable time togeth- 
er developing SOAR, the first 
of the Summer Science Aca- 
demy programs. The program 
is officially run out of the office 
of the chair of the chemistry 
department; however, much of 
the secretarial work is done by 
the office of the premedical ad- 
viser. Dr. Carmichael, who 
noted the benefits of collabora- 
tion between the chemistry 
and biology departments for 
premedical majors. 

The group has been particu- 
larly useful in improving com- 
munication among departments. 
Dr. Eabat added. If a professor 
does not return student papers, 
for example, the omission is 
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often corrected by relaying 
word through the group to the 
dean. Students need regular 
feedback from papers and tests 
to let them know how they are 
doing in their courses, she said. 
Faculty also use the group as a 
place to coordinate the timing of 
examinations in entry-level 
courses. Dr. Labat found that it 
was advantageous for freshmen 
to receive biology tests on dif- 
ferent days than chemistry 
tests, for example. However, 
students in upper-division cours- 
es may receive two or more 
tests on the same day. 

Getting Into the Academy. 
Participants asked how high 
school students are selected for 
the Summer Science Academy 
and how they do when they 
return to their regular classes. 
Dr. Carmichael replied that in his 
experience program coordinators 
look for about a 2.7,5 GPA in sci- 
ence, mathematics, English, and 
history courses for the last 
semester before application. 
About every two years, question- 
naires are used to find out how 
well Academy graduates are 
doing in high school. The stu- 
dents, their parents, and teachers 
uniformly respond that the 
.Academy helped improve aca- 



demic performance, and the 
teachers often ask whether they 
can get more students into it. 

Motivating Students Towards 
Graduate School. Dr. Graham 
Walker of the Massachusetts 
Institute of Technology pointed 
out the relatively small propor- 
tion of Xavier science students 
going on to graduate school, 
compared with the relatively 
large number going into med- 
ical school. He asked whether 
more students could be steered 
toward graduate school. Dr. 
Carmichael replied that when 
high school students in a sopho- 
more biology class are asked 
what professional school they 
intend to enter, 75 percent will 
say medical school and fewer 
will say engineering, but fewer 
still will indicate interest in a 
Ph.D. program. 

Xavier science faculty are try- 
ing to interest more students in 
pursuing graduate school by 
arranging research experiences 
and ensuring they are registered 
in the office on campus dedicated 
to getting students into graduate 
school. Dr. I^abat said. But it is 
also important that science facul- 
ty be good motivating models for 
graduate school. 
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The Role of Science Departments in In-Service Science Education 

Smith College ■ Thomas S. Litwin, Ph.D., Casey Clark, M.Ed. 

University of Colorado at Boulder ■ Mark William Dubln, Ph.D., Julie Graf 

University of Wisconsin-Madison I Paul H. Williams, Ph.D., Andrew J. Petto, Ph.D. 

T^he session featured three in-service programs supported by 
HHMI. Presenters described their institutional contexts and identi- 
fied some of the factors affecting institutional commitment to their 
programs and program stability. At Smith College one of the main 
goals was to become part of the college’s core mission. At the 
University of Colorado at Boulder, it was thought crucial to maintain 
strong connections between program components and draw on the 
full array of departmental resources. For the University ot 
Wfisconsin-Madison, key issues included the need to ensure science 
faculty involvement and provide a network for teachers lo augment 
and sustain the summer teacher enhancement activities. 



Presentations 

Smith College. The Smith Col- 
lege program, Current Stu- 
dents/Future Scientists and 
Engineers, was influenced by a 
model from Investing in Human 
Potential, a publication of the 
American Association for the 
Advancement of Science (AAAS). 
Recognizing that an isolated pro- 
gram is more difficult to sustain 
than one that is part of an institu- 
tion’s core mission, the basic goal 
of the model is to build strong 
ties between a new program and 
the factors that determine 
whether it will be stable and 
accepted institutionally, both of 
which are essentia! to its long- 
t('rm prospects. 

Dr. 'I’liomas Litwin describ(‘d 
the evolution of a program 
through several stages on its 
way to occupying a place on the 
institution’s organizatiotial chart. 
Three years ago. science out- 
reach was not on the ('rganiza- 



tional chart of the Clark Science 
Center at Smith. According to 
Dr. Litwin, now it is part of the 
"ebb and flow" and "lias a seat at 
the table." He explained the pro- 
gram in terms of a theoretical 
pyramid: the bottom layer of the 
pyramid is a broad foundation of 
visibility among administrators, 
faculty, and the development 
office within the institution. 
This supports the next layer, 
which is identification with main- 
stream activities in institutional 
planning meetings and other 
activities in the administrative 
and budget decision process. 
Such recognition is a prerequi- 
site to acquiring access to insti- 
tutional resources not ordinarily 
allocated to isolated programs. 
Coordination with fundraisers 
and other sources of support is 
necessary to maintain the uro- 
gram’s resource base, a central 
ingredient in reaching stability 
and permanence, which is the 
apex of th(' pyramid. 
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Casey Clark gave an overview 
of the HHMI initiative, including 
the program’s goals to encourage 
women and underrepresented 
minorities to enter science. She 
delineated the participants (teams 
of teachers and counselors) and 
the timeline (a year-round pro- 
gram involving summer training 
worksliops, school-year imple- 
mentation plans, spring follow-up 
sessions, and a final report from 
each team) . 

University of Colorado at 
Boulder. Julie Ciraf outlined the 
goals of each of the program 
components of the HHMI in-ser- 
vice initiative at Houlder (see 
chart below), describing each 
component in terms of the role 
of science departments. She 
noted that the in-service pro- 
gram draws on the entire array 
of resources of a department: not 
just the faculty, and that the ben- 
efits of the program extend not 
just to the precollege teachers 
but also to the university faculty 
and students. The university 
also offers mini-grants to provide 
science equipment in precollege 
classrooms. 

Ms. Graf identified several 
strategies that have been critical 
to the success of teacher training 
programs at the university. 
These strategies include offering 
a menu of multifaceted, intercon- 
nected opportunities so that all 
particii)ants can design their own 
hwcl of involvement: emphasiz- 
ing hands-on, quality science con- 
tent: working directly with 




teachers, as opposed to only 
administrators or other school 
system personnel: seeking and 
responding to the teachers' 
expressed needs: promoting col- 
laboration among teachers: 
employing people who bridge the 
precollege and university cul- 
tures: recognizing and acknowl- 
edging the mutual benefits of 
partnerships: and providing con- 
tinuity and follow-up. 



Ms, Ju lie Graf and Dr, 
Mark William Dubin of 
the I'liiverslty of 
Colorado at Boulder 
advise their eolleaj^uos 
to tap the full array of 
departmental resources 
when ofl’erin>» in-service 
teac her development 
projtrams. 



University of Wisconsin- 
Madison. There are approxi- 
mately 800 biologists in six col- 
leges at the University of 
\Visconsin-Madis,)n, but there is 
no separate department of biolo- 
gy to provide rc'sources to precol- 
lege teachers. I'ive years ago the 
university matched HHMI fund- 
ing to establish a faculty-con- 
ceived Center for Biology 
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University of Colorado at Boulder 


Goals 


Role of Science Department 


Courses and Workshops 


■ Update teacher knowledge in science 


B Access to faculty expertise, 


■ Exposure and access to University research 


faculty input, and equipment 


■ Hands-on experience that is transferable to 


B Exposure to precollege teaching 


the classroom 


realities 


■ Contact with faculty 


B Experience with the latest 


■ Forum for sharing ideas with other teachers 


education and learning techniques 


Science Squad 


■ Gain experience in schools 


B Organize and oversee student 


■ Support teachers in hands-on science 


participation 


activities 


B Provide access to resour’ces, 


■ Serve as role models 


expertise, laboratory facilities, 


■ Apply substantive expertise 


and equipment 


HHMI Bioscience Institutes 


■ Expose inner-city high school students and 


fl Research expertise, facilities, 


their families to university laboratories 


and equipment 


and campus 


B Practical experience for under- 


B Increase teacher experience in hands- 


graduate and graduate students 


on science 


B Offer lectures and campus tours 


B Tailor each institute to a particular school 




B Allow students to showcase* their science 




j skills for their families 




Scienti$t-in-Residence 


B Provide source of scientific information 


B Laboratory and office space for 


and expertise on laboratory experiments 


the scientist-in-residence 


; for pre^‘ 0 liege teachers and university 


B Access to departmental 


faculty 


resources and expertise 


B Serve as bridge between precollege -level 




! and introductory-lev(‘I science at the 


j 


university 


i 


; B Encourage and initiate hands-on, iii(|uir>- 


j 


i based activities at both levels 




Summer Research Opportunities 


1 B Engage teachers in scientific resc*areh 


B Research placements for 


1 

1 [Mocc^sses 


teachers 


' B Protiiole direct cnnnec't ion betwiM'M 


B Mentoring by faculty and ' 


precollege teachers and reseaniuu s 


laboratory pHsonnel 


B Train teachers in inquiry- based learning. 


B Supplies 


prohh’ni-solving. and laboratory technicpH’s 
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As Ms, Casi'y Clark and 
Dr. Thomas S. Litwin of 
Smith Collefte look on, 
Dr. Paul H. Williams 
describes the Institute- 
supported teacher 
enhancement activities 
at the I University of 
W’isconsin-Madison. 



Educatioii at the university. One 
challenge for the center, accord- 
ing to Dr. Paul Williams, is to 
forge the resources and exper- 
tise of individual faculty into 
effective in-service programs for 
teachers. Tltis is particularly dif- 
ficult because the center is not an 
academic office and has no 
authority to compel faculty partic- 
ipation. Consequently, faculty 
involvement depends on a shared 
view of teacher training as a criti- 
cal need in science education. 

With HHMI support, the cen- 
ter developed a series of in-depth, 
one- to two-week enhancement 
Itrograms for biology teachers as 
l)iirt of the university’s Summer 
Sciet’.;,’*.' Institute. Between June 
and August, the institute offers 
4S different i)rograms covering a 
spectrum of subjects, including 
human genetics, special educa- 
tion, molecular and cell biology, 



biotechnology, environmental sci- 
ence. plant biology, health and 
basic science, and substance 
abuse. Teachers receive gradu- 
ate credits, tuition waivers, 
resource materials, and in some 
instances stipends. To help 
teachers sustain their experi- 
ences, the center also developed 
BioNet. a program of regional 
networks of scientists, institu- 
tions, and businesses that relies 
on "lead teachers" to organize 
meetings and other avenues for 
communication on regional 
issues related to science. All 
indications are that the i)rogram 
is extremely successful; a formal 
evaluation is currently being con- 
ducted to ass('ss its si)ecific 
imi)acts. 

Drawing from the Institute for 
Multicultural Science Education 
program of the National Science 
Eoundation. the center’s activi- 
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ties also focus on reaching teach- 
ers and administrators in under- 
served areas and on infusing its 
progrrms with multicultural per- 
spectives. The objectives are to 
change the culture of science as 
well as to extend services to 
underserved communities. 

Dr. Williams indicated that 
some of the entrepreneurial 
aspects of biological research 
can be channeled into resources 
for teacher training. He 
described the seven-year-old 
Wisconsin Fast Plant program 
that stems from his own cab- 
bage-breeding innovation of 25 
years ago, when in the course of 
searching for basic genetic 
information about cabbages, he 
bred a plant that grows extreme- 
ly fast. The plant is a particular- 
ly good classroom subject for 
illustrating an organism’s life 
cycle and other aspects of bio- 
logical development. 

The University of Wisconsin 
program extends its impact 
through the use of master teach- 
ers and regional teams of facul- 
ty, scientists, and administrators 
who conduct teacher training 
throughout the country, as well 
as through dissemination of fast- 
plant materials at national teach- 
ers conferences. Technical 
assistance is provided through 
an bOO phone number and a 
newsletter now reaching 25,()00, 
The newsletter is also available 
on Internet. The program has 
its own in-house evaluators, but 
evaluations of other materials 
and training activities developed 



by the university are also being 
considered. 



Discussion 

Gaining Institutional Com- 
mitment. The greatest and 
most common concern noted by 
the program coordinators is to 
gain institutional commitment so 
that their teacher-training and 
outreach programs will become 
permanent parts of the core of 
their colleges and universities. 
In the process of reaching this 
goal, they must confront a range 
of issues, from philosophical 
questions to budget constraints 
and demographic trends, and 
they must establish a successful 
track record as well as develop 
realistic and convincing plans for 
continued effectiveness. 

Some of the points that 
emerged from the discussion 
included the following; 

■ Tlie current tight fiscal climate 
may be forcing institutions to 
choose between the need for 
innovation versus supporting suc- 
cessful already-established pro- 
grams in teacher training and 
outreach. 

■ As enrollment in science 
increases, institutions may not be 
as committed to reach into the 
schools to attract more undeiTe])- 
resented minority and women 
students to science unless there 
is a permanent commitment to 
such outreach efforts. 

■ In-service and outreach pro- 
grams are particularly vulnera- 
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ble to budget cutbacks because 
they are inherently expensive. 
They are labor-intensive and 
often must cover the costs of 
materials and equipment for sci- 
ence activities. This is seen as 
another reason to ensure a 
strong institutional commitment 
for these programs. 

■ There are interim levels of 
institutional commitment. For 
example, Dr. Litwin indicated 
that an institution can provide 
sufficient support to allow some- 
one in his position to attract 
other sources of funding. The 
institution can also form partner- 
ships or alliances with other 
organizations that can share 
responsibility for the teacher 
training and outreach. 

School Administrators. The 

panelists and the audience dis- 
cussed the importance of main- 
taining contact with precollege 
administrators— including sys- 
tem-wide and school-based sci- 
ence coordinators — and involv- 
ing the administrators whenever 
possible. For example, adminis- 
trators are often part of the 
school teams participating in the 
Smith program. Administrator 
support is important for generat- 
ing interest and leveraging fund- 
ing for the science I'ducation 



training program. However, Dr. 
Dubin and Ms. Graf cautioned 
that the outreach programs 
should not go to the administra- 
tors at the outset: in establishing 
the programs, they should work 
with the teachers first. The “top- 
down” approach, in their view, 
has been successful. 

Graduate Students. There 
are several roles in teacher- 
training programs for graduate 
students from both science and 
education departments (and for 
graduate students involved in 
both). One role is as a resource 
for scientific expertise: another, 
as a resource for educational 
techniques effective in teaching 
science. While providing an 
ongoing presence for science 
education in the schools, gradu- 
ate students are also exposed to 
the realities of teaching. 

For education majors in par- 
ticular. the in-service training 
programs are a valuable preser- 
vice opportunity to learn hands- 
on science activities. Dr. 
Williams described his institu- 
tion's science education scholars 
program, which offers students 
mentoring from three different 
perspectives; research faculty, 
master teachers, and depart- 
ment faculty. 
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Preparing Tomorrow’s Science Teachers 

Oberlin College ■ David H. Benzlng, Ph.D., Dennison Smith, Ph.D. 

State University of New York at Binghamton ■ Anna Tan->Yilson, Ph.D., Herbert Posner, Ph.D. 

University of Nebraska-Lincoin ■ Eric Davies, Ph.D., David T. Crowther, M.Ed. 

The panelists discussed three programs that approach training for 
future kindergarten through 12th-grade science teachers in different 
ways. Oberlin College, which does not offer an education major, 
attempts to interest science majors in precollege teaching by having 
them work with 1st- through 7th-grade teachers in the local public 
schools. The Oberlin students help to teach year-long science mod- 
ules. At the State University of New York at Binghamton, a special 
program gives teaching experience to juniors and seniors majoring in 
biology and biochemistry. The upper-division students are provided 
the opportunity to design experiments, develop materials, and assist 
in teaching first- and second-year college students taking introductory 
biology courses. The University of Nebraska-Lincoln’s program is 
focused on students who have already decided to make teaching a 
career: elementary education majors. Its goal is to present science to 
prospective elementary teachers in such a way that their discomfort 
with or even fear of science can be abated. 

schools. At the center of the pro- 
Presentations gram are teams of public school 

Oberlin College. Dr. David teachers, Oberlin science majors, 
Benzing noted that l.'j to 20 years Oberlin faculty, who serve as 
ago Oberlin graduated many ele- resource, 
mentary school teachers. In 1994 a total of nine teachers 
However, the college dropped its from the Oberlin public schools 

teacher certification progr ;i in grades 1 through 7 were orga- 

about a decade ago because of nized into five projects. In the 

declining student interest and spring they worked with Oberlin 
changes in requirements for cer- faculty and seven undergraduate 
tification in Ohio and other states, seniors to prepare year-long 

With renewed student interest in teaching modules. In the fall the 

precollege teaching, Oberlin has teachers began to use the mod- 
launched a new preservice pro- ules in their classroom teaching 
gram to address the college’s with the assistance of the Ober- 

comnuinity service mission. lin students. Soiiie of the teach- 

The primary goal of the pro- ers worked with the Oberlin 

gram is to encourage students faculty and students to create 
majoring in the biomedical sci- new modules. Others used 
enccs to pursue teaching careers existing instructional material, 
by giving them the opportunity to but modified it to meet their spe- 
teach science in the public cial needs. 
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In general, the Oberlin stu- 
dents — including majors in biolo- 
gy, neuroscience, and physics — 
assist in specific classroom activi- 
ties, rather than functioning as 
student teachers. Instead, they 
assist with the hands-on science 
activities that are a part of proj- 
ects in all the classrooms. 

The program has attracted stu- 
dent interest. Dr. Benzing said, 
drawing 18 apfplicants for the 
seven student slots. He added 
that he hopes next year to recruit 
additional teachers to participate 
and to include teachers of grades 
8 and higher. He also expressed 
the hope that the teams would 
continue operating, so that Ober- 
lin would be able to maintain a 
regular stream of students into 
the local schools. 

Dr. Benzing noted that the 
project had not gone as smoothly 
as initially planned. In retro- 
spect, the program would have 
been better served if the college 
had directly approached the 
teachers rather than the school 
administration. Teachers’ under- 
standing of the program’s goals, 
structure, and activities were 
substantially enhanced as a 
result of direct communication. 

vState University of New York 
at Binghamton. Drs. Anna 
Tan Wilson and Herbert Posii't 
of the State University of New 
York at Binghamton discussed 
the Teaching Scholars Urogram, 
which gives upper-division biol- 
ogy and biochemistry majors 
the opportunity to partTipale in 
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the teaching of introductory lab- 
oratories for first- and second- 
year college students. Its dual 
goals are to give undergraduates 
the experlwmce of teaching and 
improving introductory biology 
laboratory courses through the 
participation of students. 

The program recruits junior 
and senior biology or biochem- 
istry majors in the top 25 percent 
of their class who are interested 
in gaining teaching experience. 
No prior laboratory teaching 
experience is needed. One third 
of the participants are underrep- 
resented minorities, according to 
Dr. Tan-Wilson. 

The students take a six-week 
summer seminar where they 
work in laboratories to help fac- 
ulty develop new investigative 
projects that can be used in the 
introductory courses, revise the 
laboratory manuals, and discuss 
teaching techniques. They 
receive a stipend during the six- 
week seminar. 

Dr. Posner noted that during 
that seminar, students had sug- 
gested improvements in labora- 
tory experiments to make them 
more “user-friendly” for first- 
and second-year students. Dur- 
ing the 1994 session, for exam 
pie, one participating student 
modified an experiment on light- 
induced proton gradients in 
chloroplas'is so lh;:t beginning 
students could complete the 
re(iuir(‘d experiment in only 
three hours. 

In addition to the summer pi'o- 
gram, wlierc* students worked on 
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\pproaches for 
developing tomorrow’s 
science teachers are 
explained by some of 
today’s HHMl program 
directors: Drs. Eric 
Davies, University of 
Nebraska-Lincoln; 
Anna Tan-Wilson, State 
University of New York 
at Binghamton; and 
David H. Benzing, 
Oberlin College. 
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subject matter, they take a course 
on education theory and practice 
to help them with the day-to-day 
teaching. The course — Educa- 
tional Theory and Practice for 
Teaching Assistants — is taught 
by Dr. Posner of the Department 
of Biological Sciences, and Dr. 
Thomas O’Brien of the School of 
Education. The l(i class sessions 
cover a range of topics, including 
cognitive psychology and the 
constructivist theory of learning, 
misperception research, concept 
research, ways to help students 
with problem solving, evaluation 
techniques, learning styles (with 
special implications for women 
and minorities), and siudent- 
teaclier relationships. 

After the summer seminar, the 
students are paired with graduate 
students to help teach the intro- 
ductory biology laboratory class- 
t‘s. lliey receive course credit for 
this v/ork. The undergraduates 
also have an opportunity to tutor 
students from local higlt schools. 



Dr. Tan-Wilson says the pro- 
gram has yielded clear benefits 
for participating students, includ- 
ing improvements in laboratory 
and teaching skills, problem solv- 
ing, and particularly science, ped- 
agogy, and written and oral 
communication. Moreover, she 
noted, the program has provided 
students with an enjoyable teach- 
ing experience that has strength- 
ened their self-confidence. 

Dr. Tan-Wilson also reported 
anecdotal evidence that the expe- 
rience has encouraged some of 
the students to consider teaching 
as a profession. 

'file program has brought ben- 
efits to the introductory classes, 
the program directors noted. 
These include the development 
of more student-friendly laborato- 
ry materials, and a higher rate of 
successful student experiments. 
I'irst- and second-year students 
have been able to work with well- 
prepared and enthusiastic teach- 
ing assistants. 
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University of Nebraska- 
Lincoln. According to Dr. Eric 
Davies of the University of 
Nebraska-Lincoln, the recipe for 
success for Biology 295, newly 
developed for elementary educa- 
tion majors, included finding a 
low-key manner of introducing 
the course. 

Dr. Davies explained that he 
and his colleagues, though creat- 
ing a brand new course, gave it a 
number that was already in use. 
They did not have to obtain facul- 
ty approval for a new course and 
avoided having to overcome po- 
tential faculty skepticism of the 
project. Biology 295 consists of a 
series of four-hour hands-on lab- 
oratories and what Dr. Davies 
called an "enthusiasm-based lec- 
ture series." In addition, one- 
hour lectures are given by facul- 
ty members who are invited to 
talk about their current research 
and tell the students why they 
are excited about it. The labora- 
tories. explained Dr. Davies’ col- 
league. David Crowther, include 
experiments, creative writing 
projects, and discussions de- 
signed to allow students to be ac- 
tive participants. 

The course has received an 
enthusiastic reception from the 
elementary education majors, 
which Dr. Davies traced to sever- 
al factors. First, he said, it uses a 
team of effective instructors, 
including James Landon. a for- 
mer high school teacher from 
Seward. Nebraska, and the asso- 
ciate (iirectoi of HHMl precol- 
Icge programs at Nebraska; 



David Crowther, an instructor at 
the Nebraska Teachers College 
and former elementary school 
teacher in Utah; and Kathy Jacob- 
witz, a 7th-12th-grade science 
teacher at a local high school. 
The students in the course appre- 
ciated hearing from instructors 
with classroom experience. 

Dr. Davies said that the hands- 
on approach used in the course 
also explained its success. In his 
words, the course treats science 
not just "as a noun." i.e., as a 
body of knowledge, but as "a 
verb," i.e., as a process of learn- 
ing. Science is both, but too 
many courses focus only on the 
former, according to Dr. Davies. 
He explained that in treating sci- 
ence as a verb, the course is very 
careful about which verb it is. 
The course did not just "cover" 
topics, he said. Instead, Biology 
295 helps students "uncover" 
ideas for themselves and "discov- 
er" ideas and concepts by doing 
science hands-on. 

It was critical to create a new 
course that was hands-on and 
aimed at elementary education 
majors. Dr. Davies explained, 
because studies have shown that 
students are most likely to be 
turned off by science in elemen- 
tary school. When children fall 
away from science they may hv 
influenced in part by teachers 
who are not comfortable with 
the subject. 

In discussing the problems 
the course face's. Dr. Davies 
n'turned to the notion of under- 
playing its innovativeness. He' 
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said that some members of the 
science faculty were skeptical 
about the course simply because 
“it’s different from what we 
always do,” and possibly 
because faculty are used to 
courses that have 150 students, 
are based on lectures, and use 
graduate students to run labora- 
tories. But a course will only 
reach future elementary school 
teachers. Dr. Davies stressed, if 
it is small and hands-on and puts 
the students, not the subject 
matter, first. 

Other problems included how 
to institutionalize the course and 
how to evaluate it. The two were 
linked. Dr. Davies said, because 
there would be no point in insti- 
tutionalizing the course if there 
were no way to evaluate it. If the 
course does prove valuable, 
however, it will be necessary to 
find support to keep the pro- 
gram going after the HHMl 
grant runs out. A related prob- 
lem is how to develop a cadre of 
teaching assistants that can give 
the students the kind of help 
they need. 

Dr. Davies concluded by say- 
ing that the course has changed 
student attitudes about science 
from predominantly negative to 
universally positive. He also 
reported that the university is 
gathering data about students' 
performance on standardized 
tests as well as tlu'ir attitii(h>s 
toward science and prepared- 
ness for teaching science. 'I'he 
data will become the focus of a 
Hh.D. thesis. 
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Discussion 

During the discussion, the pan- 
elists provided more details 
about their programs. David 
Crowther explained that in the 
University of Nebraska’s 
Biology 295, there are three lev- 
els of experiments: short ones 
done in a single class: medium 
ones lasting two or three ses- 
sions: and long-term ones, such 
as a unit on plant growth, that 
can last two months. Mr. 
Crowther said the course used a 
discovery-based approach and 
that students were required to 
keep a laboratory journal. The 
Biology 295 instructors make a 
point of posing questions to the 
students that encourage them to 
reflect about what they have 
learned, and especially to think 
about ways to use in their class- 
rooms what they have learned 
in the course. 

Mr. Crowther also explained 
that Biology 295 is but one part 
of the science-related prepara- 
tion that education majors 
receive. \Vhilt* Biology 295 helps 
provide the students with con- 
tent. other courses provide 
instruction on teaching methods 
and pedagogy. Mr. Cro her also 
emphasized that the University 
of Nebraska education majors 
receive experience in classrooms 
very early in their studies and 
that mathematics was fully inte- 
grated into Biology 295. 

Peer-Teaching: Quid Pro 

Quo. Dr. Herbert Posner provid- 
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Mr. David T. (Yowl her 
explains the I'niversity 
of Nei)iiiska-Linroln's 
projjram for de\ eloping 
future science teachers. 



ed more details on what the intro- 
ductory laboratory courses had 
jjained from the Teachinj^ 
Scholars Program, reporting that 
the students had created much 
more computer-friendly laborato- 
ry manuals and other classroom 
materials. In particular, he said, 
one student with no computer 
background had rewritten the 
instructions for a computer pro- 
gram to do a chi-square analysis. 
Tlie new version was much easi- 
er for the students to undiTstand 
and use. 

In response to a question 
about whether undergraduates 
minded being taught by other 
undergraduates. Dr. Tan-Wilson 
said that, on the contrary, they 
liked being taught by their peers. 
Moreover, she explained that 
during the school year, the stu- 
dents met four hours a week with 
the faculty member who was 
t<‘aching the bade course, ensur- 
ing their mastery of the material. 



Dr. Posner added that in the labo- 
ratory sessions, the students 
used co('perative learning tech- 
niques, breaking up the class into 
learning teams. 

Several discussants noted the 
advantages of using undergradu- 
ates as teaching assistants in sci- 
ence courses. Dr. Barbara 
Sawrey of the University of Cali- 
fornia-San Diego reported that 
her university used about 90 
undergraduates as teaching 
assistants in science courses. 
They earn academic credit for 
their work with students, she 
said, and the students who 
demonstrate special interest and 
talent in teaching are taken on as 
paid discussion section leaders. 
They turn out, she said, to be the 
best teaching assistants. 

Dr. 11. Craig Heller of Stan- 
ford University said that in their 
luiinan biology department, all 
the courses use undergraduates 
as teaching assistants. They 
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have been highly successful, 
Dr. Heller added, and the stu- 
dents are enthusiastic about 
their peer instructors. 

Other Preservice Programs. 

The participants in the discus- 
sion also compared and contrast- 
ed the experiences of preservice 
programs at other colleges and 
universities. Dr. Michael Wells of 
the University of Arizona noted 
that the dean of sciences at his 
institution had taken on an essen- 
tial role in the training of science 
education majors. Working with 
the science departments, the 
dean helped set up science cours- 
es specifically designed for future 
kindergarten- 12th-grade teach- 
ers, including one on how' the 
future teachers could translate 
what they learned in lecture 
classes into classroom exi'rcises 
for their own students. 

Dr. Davies responded that at 
the University of Nebraska cooi> 
eration between the Teachers 
College and the science depart- 



ments had been excellent and 
that he believed such collabora- 
tion was necessary for success. 

Dr. Edward Cox of Princeton 
University reported that Prince- 
ton had long had a program 
under which students could earn 
a teaching credential in four 
years, spending part of that time 
teaching at a local public school. 
He reported that the university 
was experimenting with a new 
program under which students 
pursuing this credential could 
earn laboratory credit in a sci- 
ence course by preparing a pre- 
college science course curricu- 
lum. He suggested that most 
universities might require their 
science students to teach in 
kindergarten-12th grade. 

Dr. Robert Parsons of Rensse- 
laer Polytechnic Institute report- 
ed that his institution had been 
working with the New York 
State government to set up a 
program under which RPl sci- 
ence majors could earn a teacli- 
ing credential. 
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Programs for Community College Faculty and Students 

Arizona State University ■ James Coliins, Ph.D., Steven W. Rissing, Ph.D. 

University of Califomia-Davis ■ Mema Viilarcyo, Ph.D., Mark G. McNamee, Ph.D. 

City University of New York City College ■ Sharon Cosloy, Ph.D., Joseph Griswold, Ph.D. 

Dr. Merna Villarejo of the University of California-Davis framed 
the discussion by presenting data showing the growing enrollment at 
community colleges. Dr. Janies Collins described how the HHMl- 
funded program at Arizona State University is bringing inquiry-based 
instruction into the biology curriculum and involving community col- 
lege faculty in the process. Dr. Villarejo outlined the program at 
University of California-Davis, which offers community college facul- 
ty a sabbatical for intellectual renewal and help in revising their 
departmental curriculum. Dr. Joseph Griswold of the City University 
of New York City College explained the HHMl-supported summer 
bridge program to help community college students transfer success- 
fully into a biological science program at the university level. 
Discussion addressed problems resulting from disparities between 
two- and four-year institutions, such as conflicting missions, differing 
student performance assessments, and variation in the quality of 
departments in community colleges. Participants noted that commu- 
nity college faculty are often excellent teachers but that university fac- 
ulty are seldom willing to learn from them. Participants also explored 
the rigor of inquiry-based instruction, the success of various pro- 
grams in retaining transfer students, and the prospects for continuing 
such outreach programs after external funds are spent. 



Presentations 

Arizona State University. The 

IlHMI-funded portion ot the 
Undergraduate Biology Educa- 
tion Program at Arizona State 
University focuses on develop- 
ment of both university and com- 
munity college faculty and a 
critical-inquiry-based curricu- 
lum, Dr. Collins said. In its first 
summer, the llHMl program 
involved only university faculty, 
with M attending a monthlong 
woi'kshop di'voted to critical 
inquiry, fhit considering Arizona 
State's high proportion of trans- 
fer stud(Mits, the univi rsity real- 



ized that it should include the 
community colleges also and 
focus on the introductory course 
for majors. 

Arizona State serves a com- 
munity college district with 12 
colleges and 82,0(H) students. Dr. 
Collins said. By 2()1(), the district 
will have 12(),()()() students. The 
community colleges provide a 
particularly important pathway 
into four-year universities foi' 
Native Anu'ricans. 

In the next year, the llllMl 
program offered a teaching strat- 
egy workshop emphasizing criti 
cal iii(|uii y, which was attended 
by life science faculty from 0 of 
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Drs. Joseph Griswold of 
the City Tniversity of 
New York City College. 
Merna Villarejo of the 
Tniversity of 
California-Davis, and 
James Collins, Arizona 
State I’niversity, 
describe how they 
address "transfer 
shock*’ — the initial drop 
in grades sometimes 
experienced by 
community college 
students enrolling in 
U!iiversity science 
programs. 




the 12 district community col- 
leges, The workshop included a 
week of training in teaching sci- 
ence as it is practiced, two weeks 
focused on creating and present- 
ing laboratory exercises, and 
another week involved with 
preparing written materials, The 
HHMI program aims to establish 
critical inquiry throughout the 
biology curriculum for all stu- 
dents and to extend it to the com- 
munity colleges. 

Nationally, said Dr, Villarejo, 
enrollment in public two-year 
institutions (approximately 
million) nearly equals that of 
public four-year institutions 
(approximately ,'i,9 million), and 
the number of students transfer- 
ring from community colleges to 
become juniors in universities is 
increasing, Twenty-fiv( percent 
of graduates from the University 
of California-Davis and tO per- 
cent of thos(> from Arizona State 
luid completed two years at a 
commimity college. Dr, Villarejo 
cited those figures to under- 



score the importance of partici- 
pation by community college 
transfer students, because many 
are from underrepresented 
minority groups. 

'Hie difficult financial situation 
of higher education in many 
states suggests that commuriity 
college transfer students will con- 
stituie an even larger fraction of 
university populations in the 
future. Dr, Villarejo said, A com- 
munity college education is less 
expensive for students, who can 
often live at home. And it is less 
expensive for taxpayers. Annual 
tuition and fees at public four- 
year institutions average more 
than S2,f^()0, whereas the costs at 
two-v(‘ar institutions are h'ss than 
half that amount. 

She emphasized that the (juali- 
ty of the preparation of communi- 
ty colleges is critical. In 
particular, the science education 
the students receive determines 
how W(dl prepared they will be 
for spc'cialized courses iit the uni- 
versity level. 
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University of California-Davis. 

The University of California- 
Davis has a situation similar to 
that of Arizona State but 
approaches it differently, focus- 
ing on three community colleges 
that feed large numbers of stu- 
dents into the university, Dr. Vil- 
larejo said. When the program 
began, community college faculty 
said that, above all, they needed 
intellectual renewal. At Sacra- 
mento City College, no biology 
faculty had been hired in 20 
years and no one there had had a 
sabbatical in that time. These fac- 
tors. combined with heavy faculty 
teaching loads, make it difficult 
for the deiiartment to keep 
abreast of the latest develop- 
ments in biology. 

Intellectual renewal thus 
became the primary theme of 
the university’s partnership with 
community colleges, and cur- 
riculum renewal became the 
secondary one. The program 
does not work with individual 
faculty but with the department 
as a whole. 

As part of the application 
process, community college fac- 
ulty submit a written proposal of 
what they will do for their own 
renewal. None so far has chosen 
to do research. Rather, they 
have opt('(l to take courses. They 
also participate at some level in 
introductory biologv' by teaching 
subjects in which they siiecialize. 

Dr. Villarejo jiointed out that 
many community college faculty 
lire more skilled at teaching than 
the university faculty. A goal of 



the program is to make the col- 
laboration a two-way street. How- 
ever, this aspect of the program 
requires further attention and 
development. 

The two-quarter sabbatical at 
the University of California- 
Davis includes time for commu- 
nity college faculty to revise the 
courses they teach and think 
about revisions for their curricu- 
lum as a whole. They also create 
a plan for modernizing their lab- 
oratories, and the program pro- 
vides funds for new equipment. 

City University of New York 
City College. City College, an 
institution within the City 
University of New York system, 
accepts students who transfer 
after two years in one of the com- 
munity colleges of the CUNY 
system. Historically, many of 
these students are unch'rjire- 
pared tor University science. Dr. 
Griswold said. 

The college therefore 
designed a summer bridge pro- 
gram to help community collegi' 
students succeed in transferring 
into the biomedical sciences at 
City College. The three-week 
program exjioses students to uni- 
versity-level biology and chem- 
istry. develops their academic 
skills, and introduces them to 
City Colh'ge’s environs, peojile. 
and operations and to its special 
programs and services. The |>ro- 
gram also heljis them complete 
applications, transfer credits, and 
register for courses. 
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'Fhc summer bridge program 
emphasizes collaborative learn- 
ing. with students working 
together on many of their proj- 
ects. The students are organized 
into teams under the leadership 
of an upper-division student, and 
once a week they hold group- 
building competitions — an idea 
picked up from the HHMI-sup- 
ported program at Xavier Univer- 
sity of Louisiana. Teams also 
earn |)oints throughout the week 
for performing well in academi- 
cally related activiues. 

According to Dr. (Iriswold. 
the program conveys to students 
the level at which they are 
ex|)ected to piM form, and also 
what kind of acadi'inic habits 
and professional responsibility 
are expected of them when they 
attend City College. 

A secondary goal of the pro- 
gram is to establish better con- 
tacts between science depart- 
ments at City College and the 
community colleges, he said. 
Community college faculty often 
feel they are consic -red second- 
class citizens in the CUNY sys- 
tem. Dr. (Iriswold and his col- 
leagues view this as an 
important problem they hope to 
address through the program. 



Discussion 

Articulating Performance 
Assessment and Teaching 
Kxpertise. Partici|)ants agreed 
that oiie difficulty in dealing with 
transfer students is that the 



requirements for completing 
community college science 
courses differ from those at a uni- 
versity. According to Dr. Gris- 
wold, community college science 
faculty have remarked to him on 
the significant differences 
between their course examina- 
tions and the College’s. 

The sutnmer bridge program 
therefore exposes transfer stu- 
dents to the kind of performance 
assessment they will be facing 
when they take biology and 
chemistry at City College, he 
said. The focus on rigorous test- 
ing in the bridge program has 
also prompted some community 
college faculty to rethink their 
own standards and assessment of 
performance. Several have 
worked at City College through a 
faculty exchange program and 
have taken the course outlines 
and examinations back to the 
community college to use with 
their own students. 

Also, community college facul- 
ty who hav(' taken the sabbatical 
at the University of California- 
Davis say their own courses hav(> 
been more descriptive and less 
quantitative than those at the uni- 
versity, Dr. Villarejo said. 'I'hese 
faculty are now revising the 
courses they teach in community 
college. She noted a definite 
change in the content of commu- 
nity college coiirses toward more 
quantitative science, which will 
idlimately benefit students. 

Community college faculty 
often have considerable teaching 
expertise that can be shared with 
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university faculty, participants 
noted, but the latter usually do 
not take advantaKc of it. At tlu* 
University of California-Davis, 
the faculty hosts for visiting com- 
munity college professors might 
gain from their guests. Dr. Vil- 
larejo said. More could be done 
to foster participation by universi- 
ty faculty in this regard. 

Eliminating Transfer Shock. 

Community college students 
often undergo a “transfer shock" 
when they come to the University 
of California-Davis, Dr. Villarejo 
said. Their grades fall |)recipi- 
tously for a cpiarter or two and 
then recover. It is hoped that the 
curricular adjustments and the 
increasingly close contacts with 
community college faculty will 
I'educe or eliminate this effect. 

.At City College, Dr. (iriswold 
said, transfer student success 
follows a rev(M‘se |)attern. Stu- 
(U'lits taking the summer bridge 
program generally outi)erforin 
other students in the biology 
course tlu'.v take the following 
fall. Despite this auspicious 
st.'ii t, there tends to be some 
fading in their iterformance as 
they get to the u|)i T-levei > Murs- 
rs, he said, indicating that the 
initial int<’usive intervention for 
lliree weeks is not enough and 
''Vsieinatic follow-ui) is ina'ded 
as th«' students go on. 

Some iiarticipants said they 
had more of a |)rohlem (h aling 
with the uneven |)re|)aration of 
comnumity college stiKUmts. 
Some are strong in chemistry hut 



weak in mathematics and biolo- 
gy; some are strong in biology 
but weak in chemistry and math- 
ematics, said Dr. Orville Chap- 
man of the University of 
California-Los Angeles. The net 
effect is that students from some 
departments do better in univer- 
sity science programs because of 
the variation in level of depart- 
ments at a given institution. 

Dr. Villarejo suggested an 
interdepartmental science educa 
tion group of the type described 
in the presentation by Xavier Uni- 
versity as a useful model for deal- 
ing with this issue. The group 
could identify areas at comnumi- 
ty colleges in need of dev<‘lop- 
ment. The HHMI program, for 
example, would aim at communi- 
ty college biology departments. 

Choosing a Community Col- 
lege Partner. One |)articipaiu 
described the i)roblem of having 
to deal with three different com- 
munity college systems in Wis- 
consin: traditional two-year 
colleges, technical colleges, and 
tribal colleges. Other participants 
said they did not face tliat prob- 
lem because the community col- 
leges are generally under tlie 
same state charter. Dr. Villarejo 
suggested that universitic's focus 
on the comnumity colleges that 
send them the mos' students. 

Institutional Commitment. A 

|)articipant asked whether the 
universities would take over the 
funding of the community college 
outreach lu'ograms when exler- 
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nal funding ends. Dr. Villarejo 
said the program is already lever- 
aging other funds. The curricular 
reforms have persuaded some 
community colleges to offer 
more money for sabbaticals. The 
reforms have also led to new hir- 
ings in the biology department at 
Sacramento City College. One 
highly-sought professor came 
specifically because of the 
College’s relationship to the 
University of Califv>rnia-I)avis. 

A Measure of Success. 
Participants asked how success- 
ful any of the programs have 
been at retaining transfer stu- 
dents in university science pro- 
grams. Dr. Villarejo replied that 
the University of California- 
Davis program has not yet been 
assessed but that indirect evi- 
dence suggests it is succeeding. 
The university revised its biologN’ 

( urriculum recently, and 
Sacramento City College did a 
l)arallel revision, so articulation 
int( iniversity has begun. 

A l.o()k at Critical Inquiry. 

Another participant ciuestioned 
the rigor of the iiuiuiry-based 
ap|)n ach relative to traditional 
apiiroaches. Dr. Collins said that 
the ap|)i (>ach as used at .\rizona 
State University basically 
involves teaching scietice as sci- 
ence is practiced, as opiiosed to 
memorization of facts. Critics of 
the inc|uiry-base(l aiiproaeh often 
assume that it ignores content. 
h<- said, but a certaiti atnoutit of 
content is required in order to do 
the scietice. 



A technique to help establish 
inquiry-based instruction is to 
reverse the order of courses, 
putting students into the labora- 
tory before they have had the lec- 
ture, said Dr. Steven Kissing of 
Arizona State University. In such 
cases, it is helpful to tell students 
that they are being put into an 
inquiry situation on purpose and 
may feel a little lost, but that they 
are not expected to know every- 
thing. Dr. Kissing said that the 
approach requires students to 
ask questions and to proceed 
without a textbook. 

Some of the biology faculty at 
Arizona State, Dr. Collins said, 
hope to teach students the 
process of doing science, includ- 
ing how to search the literature. 
In more advanced courses, they 
will be better prepared to func- 
tion as a scientist. 

Teaching with an iiuiuiry- 
based approach is more difficult 
than traditional approaches, he 
said, reciuiring faculty to have the 
confidence to take discussions 
wht.'re they go. 

According to Dr. Ciriswold, 
instructors also have to be able to 
make snap judgments about 
whether to follow a line of ques- 
tioning raised by a student or to 
reject it and continue in the 
planned direction. He said that 
hard iiKiuiry-based instruction 
puts students on task and obvi- 
ates free-floating discussion. In 
addition, the instructor is there 
each st('i) of the way guiding 
what students may be looking at 
and discovering. 
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Educational Technology: Supplementing Laboratoty Instruction 

Beloit College ■ John Jungck, Ph.D. 

Harvard University ■ Stephen C. Harrison, Ph.D., Scot A. Wolfe 

University of Puerto Rico Mayaguez Campus ■ Juan G. Gonzaiez-Lagoa, Ph.D., Juan Lopez Garriga, Ph.D. 

tluMl is siipportinjj the (levdopinent oi' iu*w educational tech- 
nologies at colleges and universities across the country. During 
1995, the Institute will work with program directors to identify and 
disseminate information on these technologies, in order to spread 
the word about exciting new approaches and to avoid costly duplica- 
tion of effort. The presenters in this session described examples of 
Institute-sponsored programs using technology to supplement labo- 
ratory instruction. 



Presentations 

University of Puerto Rico 
Mayaguez Campus. A fuiuia- 
mental goal of the outreach pro- 
gram of the University of Puerto 
Rico Mayaguez Campus is to 
attract students to research. The 
first obstacle for the program to 
overcome was what Dr. ,Iuan 
Cionzalez-Ixigoa characterized as 
I’uerto Rico's geographical isola- 
tion. .After several years of ojDera- 
tion, however, interest in the 
l)rogram increased in the com- 
munity and in the schools, and 
eventually the program began 
strongly influencing the school 
system curriculum. Dr. Gonzalez 
reported that several students 
who were involved with the out- 
reach jirogram have gone on to 
continue their studies at institu- 
tions in Puerto Rico and main- 
land I 'nited States. 

In recent years, the Mayaguez 
Canijius has been shifting its aca- 
demic locus from that of a tradi- 
tional teaching institution to one 
more research oriented. Hoth 
l)ei'si>ectives are brought to the 



campus's Science on Wheels out- 
reach program, which exposes 
teachers and students in remote 
areas to simple laboratory mate- 
rials and equipment. 'Hie specif- 
ic objectives of Science on 
Wheels are to motivate student 
enrollment in science, integrate 
student and faculty develoi)ment, 
and make equipment available to 
junior and senior high school stu- 
dents lor hands-on experiences 
with science. 

Using a si)ecially outfitted 
van, university faculty and stu- 
dents travel to local schools to 
make scientific presentations 
that are designed to be both 
inteiH'sting and exciting, ami 
comprehensive enough to ser\e 
for teacher training in science 
education. For examjile, the 
unit on colors and light is used 
to teach conductivity, and the 
unit on fire teaches about com- < 
buslion. From August 199:.' to 
M;iy 199,'), the i)r()gram reached 
over L',0(l() students and over l.‘)0 
teachers. In the sj.'ring of l')91, 
the program was ‘Xtended to 
the Virgin Islands. 
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Kducational Technology in Broadening Access 




Educational tcc hnoln^v 
takes many forms, from 
a traveling lal)orator\ to 
computer simulations of 
nmlecules, explaiti Drs. 
Juan (ton/.ale/.'La^oa 
and Juan Lope/, (iarri^a 
from the I niversil\ <J' 
i’uerto Hicii, Maya^ntv, 
('am|)us. 



Harvard University. Dr. 

Stephen Harrison described his 
experience in rising interactive 
computer jjrapliics to teach tlie 
structure of macromolecules and 
tlie relationships between struc- 
ture and I'unction. Tlie grapliics 
were used at different instruc- 
tional levels: advanced projects 
and courses for juniors, seniors, 
and first-year graduate students: 
introductory projects in first-year 
orifamc chemistry: and a sum- 
nuT workshop for hijjh school 
teachers. The university's chem- 
istry department has several 
Silicon (iraphics workstations 
that are available for science 
instruction. The workstations 
use a varietv of standard s<iftware 
liackajjes. most notidily (juanta 
and llyiierCheni. 

Intro.'luction to Chemical Hiol- 
ojty makes extei sive use of the 
facility to |<rovide instruction on a 
variety of biological riuestions. 



with emphasis on niacromolecu- 
lar recognition. 'Hie course units 
use the computer graphics in 
their problem sets, first teaching 
about the structure and typogra- 
phy of proteins, then moving on 
to more research-oriented exer- 
cises. The graphics are also used 
in a project format at the end of 
the first semester of the introduc- 
tory sequence in organic chem- 
istry. Students are enc(>uraged to 
do research, then use computer 
graphics to illustrate some impoi'- 
tant properties of the molecules 
they are studying. This aiiproach 
is effective for teaching about the 
complexities of molecular struc- 
ture and the interface between 
macromolecular structure and 
chemistry. 

The facility was also used in a 
summer workshop for high 
school teachers, who were able 
to learn about the structure of 
DNA. Dr. Harrison described 
enthusiastic feedback from the 
teachers. He encourages them to 
use computer graphics in a readi- 
ly accessible form — mainly the 
Kinemage supplements to sever- 
al standard textbooks that allow 
simple representations of macro- 
molecular structures, using a 
(leskto|) computer. 

Heloit College. Beloit College 
has been at the forefront in devel- 
oping computer-assisted materi- 
als for teaching biology' and is the 
home of the BiotiUKST Curricu- 
lum Consortium, which offers 
computer-assisted instructional 
modules in a variety of scientific 
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areas. QUEST stands foi "quality 
undergraduate educational simu- 
lations and tools.” Several ele- 
ments in the curriculum’s 
underlying philosophy are reflect- 
ed in the development and use of 
the modules, according to Dr. 
John Jungck. One tenet is that the 
technology is a supplement to, 
not a substitute for, laboratory 
instruction, with the hope of pro- 
viding "leading edge pedagogy 
and trailing edge technology." 

The curriculum also focuses 
on "what we don't know." As Dr. 
Jungck explained, that approach 
is more likely to lead to discov- 
ery and problem solving than will 
the mere mastering of an existing 
body of knowledge for the pur- 
pose of answering questions in 
the back of a workbook. Dr. 
Jungck described it as focusing 
on "chaos and error rather than 
control and mastery." The 
approach is designed to prepare 
students to respond effectively to 
('xperimental error by reworking 
their models in a manner reflect- 
ing that of a scientist. 

A final HiotHiEST principle is 
to focus on learning rather than 
instruction, which according to 
Dr. Jungck involves a fundamen- 
tal commitment to catalyzing 
students' enthusiasm for enter- 
ing into the scientific communi- 
ty. in which they feel they are 
full |)articipants. In keeping with 
this, the curriculum requires a 
shift in the role of the teacher, 
from being the "sage on the 
stage" or the "gui(k' on the side" 
to a research collaborator, work- 



ing in much the same way as a 
Ph.D. mentor. 

One concept being advanced 
by Dr. Jungck is that educators 
should establish a system of peer 
review, in which users become 
field testers whose experience 
informs others trying to develop 
or adapt a computer-based pro- 
gram for their owm use. He 
described what appeared to be a 
ready-made peer review commu- 
nity associated with DioQUKST. 
It consisted of BioQUEST staff, 
advisory board members, and 
oversight agencies at the core: a 
regional network of program- 
mers. teachers, designers, and 
researchers with the fundamental 
underlying conceiJtual theoretical 
models: experienced users of 
existing technologit's: and 3,000 
subscribers to HioQUESI’ News. 

The curriculum modules were 
designed with the student as an 
investigator and part of a team 
operating at the center of a learn- 
ing environment. The team 
approach mirrors the reality of 
science, both in terms of how 
work is done and its jreer review 
component. The students learn 
science by identifying and solv- 
ing problems, and persuading 
other students about the validity 
of the data. Dr. Jungck empha- 
sized the importance placed in 
the program on enhancing stu- 
dents’ skills for comnumicating 
hypotheses, experimental design, 
and research findings. He prac- 
tices what he preaches in his own 
classroom, where he has given 
uj) some lecture sessions in 
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Dr. Stephen C. Harrison 
and Scot A. Wolfe of 
Hai\ard I'niversitv. and 
Dr. John Jungck of 
Beloit Ccdlege dis<’uss 
the impact of 
educational technolo(t> 
on teaching. 




exchange for others in which stu- 
dent poster projects are peer- 
nwiewfed by student colleagues. 

On a related point. Dr. Jungck 
urged HHMI to facilitate more 
extensive sharing of isolated 
developments in educational 
technology at individual campus- 
es, to establish better connec- 
tions among developers. One 
strategy would be to sponsor 
workshops for those who design 
curricula to critique and share 
ideas with one another. He also 
emphasized the importance of 
involving teachers and students 
in the design stage of educational 
technology in collaboration with 
the develoi)er. 



Discussion 

The Kconotnic Issues of Edu- 
cational Technology. Iklucation- 
al technologies were character- 
ized as broad-bas('d tools. One 
member observed that educa- 



tional software is widely used at 
her institution, and that students 
in *he calculus sections that are 
completely taught with Mathe- 
matica are doing better than in 
previous years. The program is 
integrated into engineering and 
physics. Other audience mem- 
bers described successful experi- 
ences with various technologies, 
including one who indicated he 
had used Mathematica as the 
basis for a course for 200 stu- 
dents, and had used the getietics 
module from BioQUEST and 
Kinemage for its three-dimen- 
sional treatment ot subjects. 

A substantial part of the audi- 
ence discussion was on the eco- 
nomic issues associated with 
using educational technology. 
Many audience members 
expressed concern over the cost 
of software licenses, and tlu'ir 
comments indicated that choos- 
ing the right software involves 
not only content but also price. It 
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Dr. Stephen i\ Harrison 
of Har\ard Tnivorsity, 
also an HHMI 
Investigator, gives a 
demonstration of his 
macro molecular 
modeling program. 



was observed that the price of 
site licenses goes clown as a pro- 
gram beconic's more widely used 
in an institution. 

Another point raised during 
the discussion was that one 
often needs only part of a partic- 
ular software but is required to 
buy the entire package. The 
irony of the disparity in cost 
between game technology and 
educational tc'chnology was also 
noted. 

One audience member 
expressed her concern that the 
costs of hardware might be an 
issue where targe numbers of 
students are involved. Dr. Harri- 
son !)redicted that those costs 
wilt come down rapidly and 
added that one strategy for hold- 
ing down cost is to make the 
computers available' on a 24-hour 
basis. Wiring classrooms for 
multimedia presentations also 
involves substantial costs. A 



show of hands indicated that 
most institutions have their 
classrooms wired for computer 
hookups, but not for multimedia. 

Ensuring the Participation of 
Women and Minorities. Issues 
of how people relate to comput- 
ers were also discussed. Several 
audience members indicat“d a 
need for special efforts to make 
the technology available to 
women and minority groups, 
possibly c'vt'ii gend(*r separation 
in the laborati'ry sessions, while 
others disputed the claim that 
women in particular are reluc- 
tant to use computers. Dr. 
Orville Chapman recommended 
a book. Computers in Education, 
that explores this and related 
issues in detail. 

Dr. Jungck noted th<' role of 
computer-assisted instruction in 
curricular reform, saying that it 
parallels the trend in reform of 
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moving from lectures toward 
workshops and more student- 
centered, application-oriented 
activities. He also indicated that 
computer-based instruction is 
particularly useful for classes 
involving interdisciplinary or 
intercurricular approaches, and 
that the team approach benefits 
both women and minorities. 



A Note of Caution. The ses- 
sion ended with an impromptu 
recital of a poem written by 
New Orleans poet Maxine 
Cassin, entitled “In Apprecia- 
tion of Stars.” It was presented 
as a cautionary note that educa- 
tional technology should 
enhance but never substitute 
for good teaching. 
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Severa! computer-based educational technologies were demonstrated at 
the program directors meeting. The following descriptions of the various 
technologies were provided by the individuals listed at the end of each sec- 
tion. Please contact them for further information. 



The BioQUEST Curriculum Consortium 
Beloit College 

The BioQUES'r Curriculum Consortium develops software for open-ended 
|)robIem solving in a variety of biological arenas. One of the recent pushes 
in biological education has concerned the development of quantitative and 
formal mathematical reasoning in biology. Mathematical models have 
been a rich source for the basis of a vast array of dive'^s? computer simula- 
tions. ITiese simulations offer many opportunities to explore enormous 
combinatorial complexity, to generate massive amounts of data for analy- 
sis, and to develop multiple visualizations of relationships between numer- 
ous variables. Among other things, the simulations can be used to 
illustrate the distinctions between discrete and continuous, deterministic 
and stochastic, and event- and time-driven models. Other aijproaches to 
mathematical reasoning in developmental biology employ digital videomi- 
croscopy, computational geometry, and fractal analysis of moiphology. A 
"strategic simulation" on pattern formation in developmental biol()g\' was 
be ing devised at the time of the program directors meeting. 

■Inltit K. .Iiinuck. I’lt.l) 

1’rnt'i‘ssnr ;)H(I CliiiiriiiM'siM 
Di'piirlmt'nl nl' 

Hi'loit Cnllcuc 
Too (TillcHf SliiM-l 
itflHil.WI .Vi.Tll 
(!ios) L>L>(iT or 'I'l'lw 

(CiOS) Olili-'iO.'iJ |'ii\ 



NeuroSim and NetSim 

Case Western Reserve University 

NeuroSim allows students to exi)lore' the effects of the morphology of 
nerve cells on their comi)utational i)roi)crti('s. ('sing a grai)hical inter- 
lace'. stueU'iits can construct a comple'X braneheel ne'ure)n anel, by se'tting 
parameters in dialog boxe's, tlu'V can siiecil'y whetlu'r each part of this 
bi'anclu'el cable is i)assive' or tictive'. They c;in then graph different i);irts 
of the neuron's e'le'ctriciil iiroix'ftie's tis they inject currents into it, 
NetSim also allows students te> look at simple neural lU'tworks of moditle'el 
integrate tiiiel lire' neurons. Tlu'y e;in specify eonne'Ctions betwe'cn model 
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neurons, inlrinsie currents, and synaptic properties, and then j^raph the 
activity of different |)arts of the network as currents are injected into it. 

Hillfl .I.Chu'l. I’h.!). 

;Vsso<*iaU‘ PnitVssoruf and Ncuntscicm'rs 
l)oj>artim*nt 

(’asc Wostorn IViivcrsiis 

20S0 Adolberl Koad 
nt‘\vlaiul.()I144l(Hl 
{2lll):i(»S-:iS4(i 
(2 lit) dliS -41)72 fax 



Project LearnLink @ Emory University 
Emory University 

I’roject U-arnl .ink is a computer bulletin board oriented toward building a 
coninuinity of learners in hhiiory classes and between kmory and other 
colk'f^e and pn'colk'K^' educators. Kmployinj^ an easy-to-learn interface 
based on the Macintosh and Windows point-and-click style of interaction, 
the system is widely list'd across Kmory’s campus in Atlanta. I hrouKh the 
use of Kmory's network and modem pools, this system providt's a servic>- 
that has become a staple in many classes coverinjj several different disci- 
plines. I’rofesst.rs have reported that their students are challenged and 
entertained by the system. Some professors have j^iven assignments, had 
students turn in papers, jjiven extra-credit riuestions, and even held otfice 
hours via h'arnijiik. 

lYoject Ix-arnl.ink includes an outreach projjram for primary and sec- 
ondary school educators and students and in many cases allows teachers 
to make use of n-sources that may already bi' available in their computer 
labs for little or no cost. The U-arnl.ink Network, a collection of l,')0-200 
primary, secondary, and university-level institutions, reached approxi- 
mately 10, OOO-l,'), ()()() students in its first year. The network provides 
access to scientists from Kmory (via the Ask a Scientist conference) atid 
^dves teacliers opportunities to learn about different teachinj^ styles and 
new uses of educational technoloj^y. Kmory plans to expatid the lA-arn- 
I.iiik Network to include associations of colie, yo's and universities and 
other precollem' educators. 

ia \ Marsh'lln, I’h !). 
iMivrtor. liimlh's I’mmam^ in 
l)»'partmt‘nl '4 
Kni'iiv I niviTMiN 
|.')ln ('lilinn ihhiil, N V.. 

\llaiila,(i.\:!n.!’2 

(101) 727 1272 ^ 
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Macromolecular Modeling 
Harvard University 

Professor Stephen C. Harrison, a Howard Hughes Medical Institute 
Investigator and a Research Associate in Medicine at the Children’s 
Hospital in Boston, has developed a way to use x-ray crystallography to 
yield images of viruses in atomic detail. He employs this approach in 
studies of the organization of virus particles to investigate viral assembly 
and intracellular localization as well as viral pathogenesis. Dr. Harrison’s 
I'csearch team has been using computer gra])hics to model macromolc- 
cules and their interactions in three different instructional contexts: (1) 
advanced projects ,n courses for juniors, seniors, and graduate students: 
(2) introductory projects in the first-year organic chemistry sequence: 
and (3) a summer workshop for high school teachers. 



Stephen (’, Han'isnn, P[i,I). 

IlHMl Invest i>»alor 

I^rnfes.snr nf Mnleeiilar and ('ellular 

Department of Mtileeiilar and (’ellular 

llanard I niversity 

7 Divinity .\venne 

Canihrid^e, MA 02 Ids 

(1*17) 4!)r)-410ll 

((>17) 4!).V!M:U tax 



Scot ,\, Wnlt'e 
Department ofnieniistn 
Wnline Lah 
Hanard l'niversit\ 

1 4 Hoston Street, #01^ 
Somen ille. MA02Ud 
((117)40(i~r)07d 
(lir< ) 4!)d- S7')r) fax 



Magnification Concepts: 

The Use of Video-Probe Microscopg in the Introductory 
Biology Laboratory and for Kindergarten-12 Outreach 

Louisiana State University and Agricultural & 

Mechanical College 

The College of Basic Sciences and the College of Hducation at Diuisiana 
State University have begun incorporating video-probe microscopy into 
their introductory biolog>' laboratories. 'Die hand-held i)robe can function 
l)oth as a comiiound and a dissecting niicroscoiie. It jirovides instant, in- 
locus, real-time video images u]) to magiiincatioiis of 4()()x that are visible 
to all students simultaneously. This technolog\’ has also been effectively 
used in investigative laboratories, allowing students to examine stnictural 
jiroblems and relationshiiis without having to learn microtechnique iiro- 
c<'ssing |)i ocedui'es. Some tyiies of studies are in situ iiollen tube growth, 
structure/fiiiiclion conditions in wood, in situ cell growth kinetics, exami- 
ntition ot callus growth in tissue culiure, and |)litnkton sami)ling for eco- 
logical studies. 
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Following exposure to successful video-probe studies, students show 
increased desire to master conventional microscopy. In kindergarten-12 
classrooms, extremely enthusiastic students examine samples ranging 
from their own fingerprints and clothing to pond water, prepared micro- 
scope slides, and microscopic light-polarizing phenomena. Teachers at all 
levels report unqualified success with classroom use of the video probe 
and note that students show increased interest in scientific observation 
once the “video connection" has been made. 



Harold Silvmuan. IMi.I), 

Assodatt* Dt'an 
Collojjt* of Basic S( i(‘nc('s 
I’rolVssor ol’Zoolo^ :md IMivsiolo^ 
Louisiana State I niversity 
and A^M ('ollcjie 
:{:{S (’hoppin Hall 
Baton Houj»(‘. I.A THSid 
(.'1(14) :lSS-8S.“)j) 

(.“>(14) :tSS-SS2('i fax 



('indy Menk 
Hesearch Associati* 
Department of Microl)i(doi?\ 
Louisiana State I’niviu'siiv 
amlAt^M ('o)lege 
.“)0H Life Sciences Building 
Baton Houge. LA 7()S{):1 
(.“>(|.n 

(.1(14) fax 



Interactive Lab Manual for Biochemical Techniques 
University of Caiifomia-San Diego 

A collaborative effort at UCSl) has jiroduced an Interactive l^aboratory 
Manual, a modular. Macintosh-based, highly interactive multimedia soft- 
ware product. It gives students tlu* opportunity to prepare for an actual 
wet laboratory— Biochemical Techniques— by reviewing an experiment, 
learning more about the main technique being used, practicing math 
skills that need to be applied in the lab. and refreshing or acquiring the 
necessary background information. 

ScretMi features and overall layout were carefully designed, taking into 
account pedagogical and cognitive implications of the learning process. 
On-screen information is pres('nted to the students in a nonlinear fash- 
ion; and numerous branching points, layers, and “food-tor-thought ques- 
tions" allow them to become actively involved in a discovery process. 
I’hotos. movies, ilhisti'ations. and animation help students to visualize 
experimental steps and eciuipmeiit setup as well as events hap|)('ning on 
the molecuh’.r levt'l. Simulations allow stiidnits to practice w'ith the 
I'Cluipmcnt. A system is built into the modules that allows (-lectronic 
coniimmication between an instructor and students, as well as online 
searching of the library. I'sing the '•.ieractive hiboratory Manual, stu- 
dents can pi'cpare at theii' own spei'd aral to the depth they choose. 
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Barbara Sawxey, ?h.D. 

TenQred Lecturer and Academic 
(’oordinalor 

Department of ('hemistr>’ 
I’niversity of California-San Diejto 
M500 Gilman Drive, 

I, a .]nlla,rAI)209:M):i0:{ 

((il!)) 5:14-1)47}) 
(l)l!))5:l4-7liS7fax 



Gabriele Wienhausen. IMi.D. 
Tt'tiured I.ecturer and Academic 
(Coordinator 
Department of Biolo^ 

I'niversity of California-San Die^o 
})500 Gilman Drive. 0:155 
La Jolla, (\A 0200 : 1 - 0:155 
(01}))5:14-:101S 
(010) 5 : 14 - 1S:15 fax 



Mathematica 

University of Illinois at Urbana-Champaign 

In using computers in a classroom setting, a primary consideration is vvliat 
the computer approach will offer in comparison with the traditional classroom 
format. The role of the computer can be simply to augment regular course 
work by automating certain tasks. However, taking full advantage of the capa- 
bilities of computers requires replacing traditional teaching approaches, 'lliis 
has been done in adapting Ca\cu\m&Mathe>mtica for teaching introductory 
calculus to our life sciences majors in a course titled BioCalc. 

Originally developed jointly with William Davis from Ohio State Universi- 
ty for teaching math to engineer ng students, Caku\w>&Maihet>iaiica uses 
computers as the primary means for teaching and learning. Tliere are no 
textbooks, calculators, or scratch pads. Rather, students do lessons in note- 
book form on Macintosh or PC computers, with each lesson consisting of 
three sections: Basics. Tutorials, and "Oive It a Try." BioCalc. l)y emphasiz- 
ing the visual acquisition of information rather than traditional computational 
exercises, and using relevant problem sets derived from real-life situations, 
takes advantage of the strengths of life sciences students while also clearly 
demonstrating the relevance of the mathematics to the students’ own inter- 
ests in life sciences. Undergraduate freshmen, including potentially “at-risk" 
students, succeed and thrive in this environment, developing an intuitive 
understanding of calculus and mastering even advanced differential (‘(illa- 
tions. Student response and performance have l)een overwhelmingly posi- 
tive, with 90 percent of students receiving an A or B in BioCalc. 
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Electronic (Multimedia) Theatre Used for Teaching and 
Presentations 

Wofford College 

'I'he "teaching theater" is a classroom equipped with projection televi- 
sion that has computer graphics and other presentation capabilities. 
One important use of the classroom is to teach computer applications 
to students and permit them to make presentations to the entire group 
about what they have learned and are learning. The classroom also 
has cable, electronically indexed videotape, videodisc, video copy- 
stand. slide, slide-video transfer, telephone, and computer network 
capabilities. The classroom empowers presenters and gives them 
gr(‘at flexibility to ex|)lore information in its many and varied forms. 
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Overview of Assessmrnt Strategies 

University of Arizona ■ Michael A. Wells, Ph.D., Carol Bender, M.S.S.S. 

University or California-San Diego ■ Gabriele Wienhausen, Ph.D., Barbara Sawrey, Ph.D. 

Wellesley College ■ Mary Menaes Allen, Ph.D., R. Steven Schiavo, Ph.D. 

D r. Michael Wells of the University of Arizona presentt'd several 
strategies used to evaluate the student research ijrograni at his insti- 
tution. Dr. Gabriele Wienhausen of the University of California-San 
Diego discussed the importance of using a professional evaluator and 
starting to collect data at the beginning of a program. Dr. Mary Allen 
described the extensive data sources for assessment of science stu- 
dents at Wellesley College. In the discussion period, participants 
focused on the difficulty of defining program success, the importance 
of credible evaluations, the validity of control groups, and whether stu 
dents’ grade i)oint averages can predict their success in laboratory 
research. 



Presentations 

University of Arizona. I'lie 
H H M 1-su pp( >r t ed U ndergrad uat e 
Biological Research Program at 
th(‘ University of Arizona 
employs four different assess- 
ment strategies. Dr. Wells said; 
evaluations, questionnaires, fol- 
low-uj), and collection of anecdo- 
tal information from students. 

Demand for a program among 
students and faculty can i)rovide 
one measure of the i)rogram's 
usefuhu'ss. Dr. Wells said. Wiien 
the HIIMI i)rogram started in 
only 19 students ai)plied 
and just 1,'5 faculty agreed to 
sponsor students in their labora- 
tori(‘s. Six years later the number 
of ai)plicants reached 2.'>S. and 
the number of potential faculty 
sponsors stood at 201). According 
to Dr. Wells, these two indicators 
suggested, from the perspective 
of faculty and students, that tlu' 
I)rogram was beneficial. 



The i)rogram also uses ques- 
tionnaires at the end of the sum- 
mer and the academic year to 
measure satisfaction with the 
r(‘search experience among par- 
ticipating students and their fac- 
ulty sponsors. For example, 
using a five-i)oint scale, students 
rate the research project in t(‘rms 
of meeting their exix'ctations and 
its effectiveness in teaching biol- 
ogy. Students also describe the 
project and goals and provide 
other information. Faculty use a 
similar system to rate student 
I)erformanc(‘ and learning; they 
too describe the prc'jeci and 
answer whether they want to con- 
tinue in the i)rogram. 

The most difficull i)art of any 
assessnuMit Dr. Wells said, is fol- 
lowing up on the |)rogram's 
long-term imi)act and tracking 
students who have participated. 
To that end. the University 
developed a database for collect- 
ing H'h student’s local address. 
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A.ssessing Science Education Programs 




Dr. (iabriolr 
Wit* n hausen, rnivt*rsity 
otTaliforiiia -San 
Iht*go. stresses 1 he 
im|H)rtanet* ol' platmin.^ 
in ass(‘ssim*!it Sht' is 
jniiu‘(l by Drs. Barbara 
Sawn*y. also of I (’-San 
Dit‘j>o; Mary Mt*nnes 
Allt*n and K. Stt*ven 
Schiav(t of Wt‘ll(‘slt*y 
(’olle;>t‘; and Ms. (’arol 
lh*ndt*r and Dr. Michael 
A. Wt*lls of tin* 
Cniversity of Arizona. 



the parents’ address, lists of pro- 
grams the stiKlent has been in. 
research sponsor, funding 
sourci'. student and faculty eval- 
uations. and other inforniation. 
Of the 2B9 undergraduate bio- 
logical research students who 
have graduated to date. 8.'i have 
gone on to medical school and 
71 to graduate school. Kstimates 
based on prior experience sug- 
gest that without tlu‘ i)rogram. 
only 12 would have gone to 
graduate school. 

Students receive a monthly 
newsletter, participate in an 
annual poster session, and 
organize picnics, seminars, and 
field trips. Dr. Wells said these 
activities help them to identify 
with the program and encour- 
age cooperation in the universi- 
ty's assessment and tracking 
efforts. .Anecdotal comments 
are also list'd in evaluating the 
lirogram. 

I'niversity of California-San 
Diego. At the Cniversity of 
California-San Diego, an HHMl 



grant supports an outreach pro- 
gram to local middle and high 
schools, and an undergraduate 
program that supports 100 new 
science students each year, said 
Dr. Wienhausen. Students apply- 
ing to the undergraduate pro- 
gram are divided into three 
grou ps — und er rep re sen ted 
minorities, w'omen, and others. 
One-third of the program partici- 
pants are randomly selected 
iVom each group, and unselected 
applicants serve as a control. 

The goals of tlie program, 
she said, are to encourage stu- 
dents to stay in science, suc- 
ceed in getting into graduate or 
medical school, and maintain 
the grades that will allow this to 
happen. The assessment is 
designed to determine whether 
these goals are achieved and to 
feed the results b;ick into pro- 
gram development. The assess- 
ment allows directors to 
fine-tune the mechanisms of 
the program ;ind develop a 
stronger commitment to it 
among the students. 
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I)f. Wieniiaust‘11 said that stu- 
dents help evaluate the proj^ram, 
thereby gaining a sense that they 
can actively modify it. Assess- 
ment results indicate that the 
HHMI participants remain in sci- 
ence. she said. 'Hie dropout rate 
among science majors in the pro- 
gram is low, and the dropout rate 
from the university is even lower. 

One key to successful assess- 
ment is to bring in a professional 
evaluator trained in the social sci- 
ences, Dr. Wienhausen said. 
Another is to establish a database 
at the outset and collect sufficient 
data. The evaluator helped the 
program's coordinators clarify 
goals and directives and deti'r- 
mined what data to collect. For 
example, data were gathered on 
the extent to which students par- 
ticipated in program activities. It 
turned out to be informative to 
compare the more active with the 
k-ss active students, and compare 
these groups separately against 
the control group. That meant 
collecting data on how often the 
HHMI studen' actually i)artici- 
pated in program activities. 

The evaluator also pointed out 
that simply comparing grade 
point averages of HH.Ml partici- 
I>ants and tlu> control groui) 
might be misleading. Since tin/ 
program is aimed at keejiing low- 
(IPA students from droiiping out. 
a successful effort would result 
in a lower average (iPA for 
HHMI iiarticipants comiiared 
w'th that of the control group, 
whose average (IPA would 



increase as low-OPA students 
dropped out of the university. 

According to Dr. Wienhausen, 
these examples illustrate the 
importance of collecting large 
amounts of data in conducting 
program assessments. She also 
noted the utility of designing a 
database that allows easy storage 
and retrieval, suggesting the 
value of a professional evaluator. 

Wellesley College. At Wellesley 
College, a liberal arts women’s 
institution, several activities in 
addition to HHMI-funded efforts 
have been undertaken to collect 
data and assess students in sci- 
(“iice. Dr. Allen said. Many data 
on student outcomes are gath- 
ered from the premedical advis- 
er’s office and the academic 
departments. Data are also col- 
k'cted from questionnaires giviMi 
to students and faculty. Other 
information is obtained from 
focus groui)s, students, faculty, 
and alumnae, and from exit sur- 
veys completed by graduating 
students. A "data warehouse" will 
be used to store students’ back- 
grounds, SAT scores, course 
grack-s, professors, etc. 

Wellesley College has also ini- 
tiated two major assessments of 
science students. Pathways for 
Women in Science is a longitudi- 
nal study of the .odS members of 
the class of Ifhll, designed to 
explore the factors involved in 
women’s decisions to inirsue sci- 
ence as an area of study or as a 
career. The women were fines- 
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tioned upon registering, complet- 
ing their first science course, 
selecting a major, and graduat- 
ing. They are also being tracked 
after college. 

ITie college has also surveyed 
about 2,.‘i0() graduates from 1983 
to 1991 and is extending the 
study to include graduates back 
to 1968, Dr. Allen said. About 40 
percent of the 1983-1991 gradu- 
ates were science majors. Of 
those, 64 percent remained in sci- 
ence, and the remaining 36 per- 
cent changed to another field. 
Three-fourths of those who 
changed did not go on to gradu- 
ate school or medical school. 
■■Retention over time was some- 
thing we thought would happen, 
but in fact, did not take place." 

The survey also revealed that 
for science students who did go 
into graduate or medical school, 
three factors were important in 
their undergraduate experience: 
mentoring, research, and encour- 
agement from advisers. 

The assessment efforts at 
Wellesley College have also 
identified several needs for the 
science departments to address. 
Tor example, when the Path- 
ways study indicated student 
dislike for lectures, the intro- 
ductory biology cours(' for ''00 
stiKUmts was split into st'ctions 
of no moia‘ than 36. Hut stiuk'ut 
(luestionnaiia's now rt veal a new 
coiKa-rn. As Dr. Allen nolt'S, the 
particular instructor to whom a 
student is assigned is a very 
important factor in her decision 
to pursue sci('uce. 



The issue of defining success 
in terms of the HHMl program 
was also addressed. For exam- 
ple, is letention of studer/s in 
science after graduation the goal 
of the program? Or might the 
development of scientifically lit- 
erate citizens also be included? 
.Also, how can adequate control 
groups be structured? For exam- 
ple, the college’s new mentoring 
program for underrepresented 
minorities selected students 
without research experience. 
Hut having a control grou]) 
became unfeasible when it 
turned out that most of the non- 
selected students had had other 
research exi)erience. 

'Hie timing of assessments has 
also proved to be critical. Dr. 
Allen said, because many stu- 
dents work for a tinu“ after gradu- 
ation and then go on to graduate 
or medical school. An assess- 
ment of 1989 graduates three 
years after leaving college found 
that 41 percent were in medical 
or graduate school. A survey two 
years later revealed that the num- 
ber had risen to 8'J percent. 



Discussion 

Broadening the Definition of 
Success. Defining the meaning 
of success in science education 
Ijrograms was a concern to 
many participants. Dr. Steven 
/ottoli of Williams College cau- 
tioned against e(iuating success 
strictly with retention of stu- 
dents in medical or graduate 
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SL’liool. Sonic profiiains may 
strive to increase tlie scientific 
literacy of the general popula- 
tion. and that goal needs to be 
considered in assessments. 

A broader definition of success 
was proposed by Dr. Mark Dubin 
of the University of Colorado at 
Boulder, who suggested that sci- 
ence education programs might 
be considered successful when 
they help students decide not to 
pursue a scientific career. 

Others voiced similar opin- 
ions. especially about the suc- 
cess of undergraduate research 
in helping students decide for 
or against a life in the laborato- 
ry. Dr. Wells said that the expe- 
rience can give students the 
opportunity to sample a re- 
search career in a manner that is 
relatively inexpensive for tin m. 
If students attend graduate 
school and then find it is not the 
right choice, they have invested 
time and money that could have 
been directed elsewhere. That 
view, however, |)rompted Dr. 
Clifton Poodry of the Natioe.al 
Institutes of Health to ask 
whether underrepresented mi- 
norities were perhaps being 
counseled to leave science 
rather than stick it out. and cau- 
tioned the attendees to consider 
tlu' advice carefully, given the 
strong incentive to retain minori- 
ty students in science. 

For tlu'se and other reason>, 
surveying students who leave sci- 
ence after graduation or later 
chiinge careers is importiint, par- 
ticipants said. Assessment work 



at Wellesley College, said Dr. 
Steven Schiavo, has found that 
one graduate may go on in sci- 
ence while another with the same 
academic record does not. 

Is an External Evaluator 
Necessary? Some participants 
agreed that it is important to get 
professional outsidi' evaluators to 
assess programs. At the 
University of Michigan, the inde- 
pendent Center of Research and 
Learning on campus was con- 
tracted to evaluate a calculus 
reform project that was being 
scaled up from a successful pilot 
study to a large, expensive pro- 
gram. "We, the dean's office, sim- 
ply weren't going to buy into this 
unless we had a credible evalua- 
tion procedure," said Dr, Michael 
Martin, The center is performing 
a credible evaluation, he said, 
and "die data that are coming in 
are believed by both the math 
department and the dean's 
office." At the University of 
Wisconsin, the I, HAD (learning 
through evaluation, assessment, 
and (iissemination) Center evalu- 
ates iu‘w programs, including the 
HHMI-funded effort, said Dr. 
Paul Williams. 

Finding Valid Controls. Some 
participants discussed the validi- 
ty of control groups, er.pecially 
in light of the tendency toward 
self-selection by students apply- 
ing for IIIIMI programs. One 
participant — noting that only 
those students who were highly 
active in the IIIIMI program at 








Overview of Assessment Strategies 



the University of California-San 
Diego were considered in the 
comparison that showed pro- 
gram benefit — questioned 
whether the use of a control 
group was appropriate. Dr. 
Barbara Sawrey of the University 
of California-San Diego said that 
control subjects were drawn 
from a pool of about 800 unsuc- 
cessful program applicants and 
were matched as closely as pos- 
sible to the program participants 

Who Benefits Most from 
Research Experience? On 
another issue, participants dis- 
cussed how student grade-point 
averages might correhte with 
research success. Dr. Wells said 
that he has observed no correla- 
tion between laboratory research, 
performance and (IPA once a stu- 
dent has ])assed a 0.0 average. 
Above that level, motivation and 



other factors seem more impor- 
tant to success in the laboratory. 
He noted, however, that students 
whose GPAs are below 3.0 tend 
not to perform as well. 

Dr. Sawrey agreed but argued 
that an experience in a research 
laboratory might be the factor 
that motivates a student with a 
3.7,‘5 or a 2. .3 GP.A to succeed in 
college and beyond. She empha- 
sized the importance of finding 
the most appropriate laboratory 
setting for students, particularly 
those who have not performed as 
well in college as other students. 

Care should be followed in 
placing students at high aca- 
demic risk in a laboratory, said 
Carol Bender of the University 
of Arizona. If students are doing 
!)oorly, she noted, spending time 
in a laboratory rather than on 
course work might exacerbate 
the problem. 
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student Tracking in Research and Prefreshman Programs 

Tuskegee University ■ J.H.M. Henderson, Ph.D. 

University of Michigan-A:in Arbor B Sandra Gregerman, M.S., Michael M. Martin, Ph.D. 

Williams College ■ Steven J. Zottoii, Ph.D., Daniel V. Lynch, Ph.D. 

Dr. J.H.M. Henderson described Tuskegee University’s prtfresli- 
man program and its method of tracking students. Sandra (iregerman 
presented the extensive effort under way to ev; uate the University of 
Michigan's undergraduate research program. Dr. Steven Zottoii 
explained how tracking a select group of precollege summer science 
students at Williams College has revealed strengths and limitations of 
the HHMl-funded program. In the discussion period that followed, 
participants discussed at length the merits of various program selec- 
tion approaches. They also discussed the need for positive role mod- 
els for women and minority students and the difficulties of 
I stablishing adequate control groups for assessment. 



Presentations 

Tuskegee University. The 
HHMI-funcled prefreshman pro- 
gram at Tuskegee University 
brings about 20 high school graci- 
iiates from across the country to 
the campus each summer for a 
!)rogram designed to encourage 
them to iHirsue college-level sci- 
ence. It selects from students 
who have a 2.0 or higher grade 
point average, have scored 1,000 
or higher on the SAT test, and 
have exi)ressed an interest in 
biology or chemistry. 

To encourage- summer stu- 
dents to remain at 11 k' university, 
the i)rogram offers financial sup- 
l)ort for the first two vears and 
the i)ossibility of additional sup- 
port during the second two 
years through NlH's MARC, 
MBRS, or other |)rograms. Dr. 
Henderson noted that the pro- 
gram has been more successful 
in recruiting females than males. 



who have accounted for only 20 
percent of the summer students. 
Tuskegee will continue its 
efforts to attract black males, a 
group particularly underrei)re- 
sented in the sciences. 

The prefreshman i)rogram has 
tracked students who attended 
the science program in tlu* sum- 
mers of 19(S9 through 1992, using 
questionnaires and follow-up tele- 
I)hone calls to students' parents. 
A total of 77 students attended 
during that time, and (i7 have 
been successfully tracked. Dr. 
Henderson said. A to'al of 20 sti;- 
dents remained at Tuskegee. and 
!)7 went on to other institutions, 

University of Michigan, llie 
' 111 .•'“'■sity of Michigan is con- 
ducting u t'our-i)ronged evalua- 
tion of tlu' Undergraduate 
Research Oiiportunity i)rogram, 
said Sandra (iregerman. HHMl 
funding, which began in 1992, 
helped expand the program and 
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Techniques tor tracking 
sludenls is the topic lor 
Drs, 4. H, M, Henderson 
ofTuskegee I niversity. 
Steven 4. Zottoli of 
Williams C’ollej^e. and 
Ms, Sandra Cirej»ennan 
of the I’niversity 
Michigan -Alin Artior. 




increased the number of bio- 
medical research placements by 
bO percent of the total. 

The program aims to im- 
prove the retention and aca- 
demic performance of minority 
students by ciiKaKing them in 
research, especially in the 
freshman and sophomore years. 
Ms. Greitrerman said. Partici- 
pants work as research assis- 
tants for b to If) hours per week, 
receivi’ peer advising, and par- 
ticipate in peer jjroups that 
meet semimonthly to discuss re- 
search ideas, explore career op- 
portunities. and talk about other 
common issues. The program 
be.mm in Hibt) with 11 students 
and had 750 in IfhM. with Tb 
perci'iil beiny underrepresent- 
ed minority students, .'\bout l(i 
percent of the students on cam- 
pus are minority students. 

The evaluation desit;n 
includes several survey instru- 
menis and aioimduidinal analy- 



sis of three cohorts of program 
participants, she said. Students 
take a detailed pretest upon 
entering the proj^ram and a post- 
test after one year. Study sub- 
jects are selected randomly and 
compared with a control Kfonp 
(d’ students — matched for jjrade 
point averajje. standardized test 
scores, and type of hijjh 
school — who applied to the pro- 
gram. but (lid not enter. 

One pronjj of the evaluation 
investigates academic measures 
such as retention rates, ^rade 
point averages, and coe.rse 
si'lection pattn'iis. "We're look- 
ing at whether or not participat- 
injj in the proj^ram actually 
(‘iicourajjes students to take 
more rigorous academic course 
loads, to increase the luimbei' of 
credit hours that they take, to 
bt'^in earlier on their academic 
careers, or to take more up|)er- 
level courses." Ms. (ii'eyerman 
explaiiu'd. Initial results indicate 
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tliat retention of the program’s 
participants is 50 percent 
greater than that of students in 
the control group. 

A second prong explores psy- 
chosocial variables. To what 
extent do students participate in 
the program or in other aca- 
demic and social activities? How 
does program participation 
affect students’ self-concept, 
expectations, social network, 
and feelings of well-being on 
campus? According to Ms. 
Gregerman. one of the reasons 
women and minority students 
often do not achieve as well as 
majority students is that they do 
not identify with the university, 
and tend to separate their aca- 
demic and social lives. The pro- 
gram atteniigs to address these 
obstacles by offering students a 
range of activities that connect 
study and socializing. 

A third prong of the evalua- 
tion examines which coin()o- 
neiits of the program ;ire 
responsible for higher retention 
rales and other successes, she 
said. Is program participation 
more helpful in the freshman or 
so()homore year? Is the program 
more beneficial to students 
entering with a low or a high 
grade point average? If retention 
rates are up. is that Ix'cause the 
program has helped students 
feel better about the university 
or because it has hel()ed them 
find more |)ositive ways to cot)e 
with classroom pressures? 

A fourth prong of the evalua- 
tion looks at the |)rogram’s impact 



on the faculty. Understanding fac- 
ulty attitudes is difficult. Ms. 
Gregerman said, but faculty are 
asked in a detailed survey 
whether or not participation in 
this program has made them 
more interested in teaching and 
the success of their students. 
The survey also examines the 
extent to which programs such as 
this help shape faculty teaching of 
women and minority students. 

Williams College. At Williams 
College, assessment of the 
HHMI-funded program began 
with an effort to separate pro- 
gram effects on biology enroll- 
ments from broader local and 
national effects. Dr. Zottoli said. 
The national economic climate is 
apparently boosting tlu' number 
of students heading for medical 
school. The availability of exter- 
nal funding, such as the HHMI 
grant, also affects enrollments. 
In addition, increases in the 
number of women faculty are 
attracting more female students 
to the discipline. At Williams, 
about half ot the biology fiiculty 
are now women. 

Data on Williams College 
since 1990 indicate that biology 
enrollments have incretised. 
retention has risen substantiiilly 
across the various sciences, and 
underrepresented minorities 
have contributed to the increase 
in science majors. Dr. Zottoli 
said. Iliese findings suggest that 
the HIIMI prognim is having a 
|)ositive effect in addition to th;it 
of other fiiclors. 
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Program coordinators began 
tracking stucients in tiie Sunimer 
Science component as a means of 
discovering the aspects of the 
program that are strong and 
those needing improvement, he 
saici. Each summer the program 
seiects 12 to 14 high school stu- 
dents who will enroll at the col- 
lege in the fail. 'I'he idea is to give 
them early exposure to the insti- 
tution and some of the science 
they will encounter, thereby 
drawing students into the intro- 
ductory science curriculum. 
Other major components of the 
HHMl program at Williams Col- 
lege include a resource center 
that offers tutoring to support the 
introductory science curriculum, 
and research opportunities for 
upper-level students. 

Selection of the Summer Sci- 
ence students presents some 
assessment problems, he said. 
The sample is small, and an 
appropriat(‘ control group may 
ii(»t always be available, but the 
process is valuable because it 
reveals science enrollment and 
other trends. The students are 
being tracked through college, 
will be interviewed when they 
graduate, and will be followed 
thereafter. Early results indicate 
that increasing numbers of these 
students are being retained in 
science majors. 

Program coordiiuitors had 
anticipated that high percentages 
(tf Summer Science students 
would enter the introductory sci- 
ence curriculum ;md use the 
resource center. They were sur- 
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prised. Dr, Zottoli said, to see 
signs of even stronger participa- 
tio 1 in the HHMI program, with 
'll percent of the students that 
used the resource center in 1994 
having been participants in the 
Summer Science program. 

The assessment has aiso 
revealed a need, he said, to 
increase recruitment of the Sum- 
mer Science students into the 
next level — the research phase. 
Though over 2.') percent of tin* 
Summer Science students have 
gone on to enter the research 
program, he believes that the fig- 
ure could be improved with addi- 
tional advertising. 



Discussion 

The Student Selection 
Dilemma. Participants spent 
iiiuch of the period discussing 
how students are selected for 
research and other science edu- 
cation programs. Some programs 
select the best-prepared students 
and others the least prepared, 
and many programs favor stu- 
dents with little or no research 
experience. The discussion 
raised questions of developing 
assessment goals and approach- 
es appropriate to program goals. 

At Wellesley College, many 
students apply for a limited num- 
ber of HHMl-iunded laboratory 
oi)portunities, and the faculty 
selection committee tends to pick 
students with iiigher grade point 
averages, said Dr, Mary Allen. 

Dr. Steven Kolmes of Hobart 
aii(f William Smith Colleges 
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drew a distinction between pro- 
jfranis tliat select students with 
high grade point averages and 
programs, such as his. that 
recruit students with low aver- 
ages. He said that students who 
complete the Hobart and 
William Smith College program 
have a higher retention and 
graduation rate than the general 
studt'iit body. He suggested that 
the benefit-to-cost ratio of such 
programs is high. 

At the University of Michigan, 
the program admits students 
regardless of grade point aver- 
age. Ms. Gregernian said. But it 
may change its selection proce- 
dure as it gains experience with 
students that score low. Prelimi- 
nary results indicate that pro- 
gram participants entering with 
high GPAs are retained at slight- 
ly higher rates than the control 
group, riiose entering with low 
GI^As. however, are being 
retained at dramatically higher 
levels than the control group. 

Several participants suggested 
that providing opportunities for 
students without research experi- 
ence is an api)ropriate goal. 
Selection committees for 
research-related programs are 
tending to select students with no 
ies<‘arch experience over those 
w ho already havi' it. say program 
directors from Wellesley Colk'ge, 
.lohns Hopkins University, and 
the University of Illinois at 
Url)aiia-Chami)aign. 

At Arizona State University, 
program coordinators select one 
group of students with high 



GPAs and another group who 
appear to be at risk. Dr. James 
Collins said. Both are now being 
tracked. The program at the Uni- 
versity of Colorado at Boulder 
offered two research programs, 
one at the entry level aimed at 
highly motivated students with 
no research experience and the 
other at an advanced, competitive 
level where entry is based on the 
merit of the student’s research 
proposal, said Julie Graf. 

According to Ms. Graf, the uni- 
versity found that many w'onien 
and students of color were not 
taking advantage of the research 
program because they may have 
felt they lacked the research 
skills, 'cience training, and con- 
tacts of other students. Students 
who succeed in the entry-level 
program are encouraged to apply 
for the more advanced resetirch. 

Data from the University of 
Michigan suggest that a seciuen- 
tial approach to research expi'ri- 
ence is beginning to work. Many 
of the program’s participants go 
on to other programs at the uni- 
versity. Ms. Gregernian said, and 
they are selected at a much high- 
er rate than students who did not 
have the experience. 

Progr nil coordinators at the 
Universi y of Illinois found that 
changing ilie ai>iilication proce- 
dure had a dramatic effect on 
applicants to the program, said 
Claudia Washburn. The original 
process re(|uired students to 
identify a faculty mentor willing 
to work with the student and to 
write a research jiroposal. The 
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sUuk'iits who applied to the pro- 
fjrani tended to be those already 
established in a laboratory and 
with elear-eut career plans. Pro- 
^jrani coordinators then changed 
the application process, reqiiirinjj 
only completion of a simple appli- 
cation form and a written person- 
al statement, she said. Applicants 
wer(‘ not reciiiired to have a facid- 
ty sponsor, a letter of recommen- 
dation. or a research proposal. 
'ITiC new procedure increased the 
numbers of applicants and partic- 
ipants. Applications from women 
and underrepresented minorities 
have increased, she said. 

Positive Role Models for 
Women and Minorities. 

I’articipants in the discussion 
|)ointed out that students, includ- 
in^j women and minority stu- 
dents. need jjositive role models 
who will foster their interest in 
science. Dr. Henderson described 
the (>x|)eri(‘nce of a student at his 
institution who was discoura^jed 
from i)ursuin^j scieiu’e by a facul- 
ty mem!)er. A key to successful 
pro,t;ranis. discussants said, was 
to involve faculty members who 
are |)ositi\v about their teaching 
and working w ith students. 



According to discussants, a 
way needs to be found to institu- 
tionalize the roles of those per- 
sons good at “academic match- 
making" between professors 
and students. Ms. Gregerman 
emphasized, however, that facul- 
ty who are reluctant to work 
with women and minorities 
should not be let off the hook. 
She recommended involving as 
many faculty members as possi- 
ble in such programs, noting 
that the burden of responsibilit\ 
would otherwise fall on relative- 
ly few. In addition, she noted 
that faculty also bcuiefit from 
working with students from a 
range of backgrounds. 

Valid Controls in Assess- 
ment. Participants commented 
on the difficulty of finding ade- 
cpiate control groups for their 
assessments. Drs. Zottoli and 
Allen said their colleges have 
too few minority studen'-; to 
form both a study and a co.,,rol 
group. The control group estab- 
lished for the evaluation under 
way at the I'niversity of Michi- 
gan. Ms. (iia'gennan said, was 
based on random computer-, gen- 
erated samiiles. 
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Curricular Reform: How Well Is It Working? 

Bates College ■ Martha A. Cninkleton, Ph.D., Pamela Baker, Ph.D. 

Carnegie Mellon University ■ Susan A. Henry, Ph.D., William E. Brown, Ph.D. 

University of Califomia-Los Angeles ■ Frederick A. Eiserling, Ph.D., Orville Chapman, Ph.D. 

The institutions represented on the panel range from liberal arts 
colleges to universities and are located in very different regions of the 
country. Each institution has had different experiences in curricular 
reform in science, which are summarized below. 



Panel Presentations 

Bates College. Since 1991 the 
faculty at Bates College, a liber- 
al arts college in Maine, has 
been conducting an intensive 
review of the overall curriculum. 
During this process, the science 
faculty changed the core curric- 
ula in biology and other areas of 
science to emphasize investiga- 
tive, collaborative learning and a 
hands-on laboratory approach. 
In the process, the core shifted 
from covering specific bodies of 
knowledge to the scientific 
process. Among other things, 
the shift in emphasis was seen 
as a way to attract and retain 
women and underreiiresented 
minorities in the sciences. 

In the biology department, 
introductory courses have 
become more investigative 
tlirough the introduction of the 
Iirincipal investigator (PI) sys- 
tem, which was first used in 
(.(‘11 and Molecular Biology. 
I'mler the PI system, students 
develop an understanding of sci- 
entific methodology and critical 
thinking as well as skills in col- 
laborative research. Writing 



skills also are emphasized in 
the core courses. Upper-divi- 
sion students serve as technical 
writing assistants for students 
preparing laboratory reports in 
introductory classes, and lab 
reports are written in the for- 
mat of a scientific paper. 

Although the number of stu- 
dents enrolling and majoring in 
biology has increased (h'amati- 
callv, only two years' worth of 
students have moved through 
the new biology core. Dr. 
Martha Cninkleton indicated 
that the test of the program will 
occur when these students 
enter advanced biology courses 
and demonstrate their skills. 
She also noted that the curricu- 
lar reforms in science strength- 
en student performance by 
liroviding the underlying skills 
for indeiH'iuh'iit research, an 
important asiiect of the Col- 
lege’s iirogr .11 that has been 
exiianded with HllMl suiiiiort. 
Also with llllMl supjiort. Bates 
College has launched a new 
biochemistry major, is develoii 
ing additional biology courses, 
and is undertaking a comiilete 
laboratory revision of compiit- 
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Drs. Martha (’runklclnti. 
Bairs ('olh*j>r; KrtMlrrick 
A. Kis(Miinj». rnivcrsily 
ur(’alilornia--Lns 
Anj*(‘lcs; and Susan A. 
Hrnry, ('anu'j?ir M(0!-ni 
rnivrrsily, respond lo 
(jurstions about 
(•omprrh(*nsivr (■haiij?(‘s 
in their eiiiTicula and 
depart nientai 
stnielures. 



(.T-ai(k‘(l instruction in introduc- 
tory jdiysics. 

In closinjt. Dr. Crunklcton 
cited llu- followinjt increases in 
ei rollnient. which slie attributed 
at least in part to curricular 
reform. Before the revisions in 
Bio 101, the course usually 
enrolled about 90 students; this 
year, there were over 2(H). In 
l‘)90 Cell and Molecular Biolojjy 
had 42 students; in 1994, more 
than 90. 'I'he impact is now 
reacliiii^f tlie advanced biology 
courses, as more stiuhnits stay 
in tlie major. In Dr. Ihimela 
Piaker's immunolojjy course, 
eiirollnieiit jumped from 4 stu- 
dents in 1‘hSt) to in 1991. In 
1992, there W('re Ic’ss than a 
dozen cliemistry majors; now 
there are 2.'’) chemistry and bio- 
chemistry majors. In B)t)l. less 



than a dozen students conducted 
summer research with faculty 
members; in 1994. 62 students 
were research collaborators. 

Carnegie Mellon University. 

Dr. Susan Henry noted that 
broad-based curriculum reforms 
were occurring at Carnegie 
Mellon University, which wen' 
preceded Ijy changes in tlie 
advising program designed to 
introduce more flexibility and 
more clioices for the student in 
the freshman year. As was the 
case at Bates College, the natur- 
al connection betw('en research 
and curriculum is a coriu'rstone 
of tlie university’s efforts to 
improve the undergraduate sci- 
('• ce curricula. There has been 
a significant iticrease in the 
nnmber of new and retaiiu'd sci- 
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(“iicr majors coincioinj; witli the 
changes. However, this could 
also be attributed io another 
chanjje — for the first time, the 
science department could 
recruit scicmce majors at the 
freshman level. 

Dr. William Hrown reported 
that the number of u.idergradu- 
ate biology majors at tic* univer- 
sity doubled in the ])ast three 
years, wbicli has driven the cur- 
ricular reform efforts toward 
develo])in)f an outlet for this 
enormous j^rowth and at the 
same time exjiandinjf new fron- 
tiers in the field. One effort 
that HHMl is supi)ortin)f is the 
(levelo;)menl of an interdiscipli- 
nary projfram in comi)utati()nal 
bioloffy. The university is 
assessing the computational 
biolojfy curriculum not only on 
the basis of the quality of the 
instruction, but also by lookinjf 
at the student demand for the 
major and the proliferation of 
related courses. Another mea- 
sure of the success of the com- 
l>utational biolojfy projjrani. Dr. 
IH'own rei)orted, is that the 
ai)i>roach has been "institution- 
alized," i.e., computational 
tracks have also been devc'loped 
in chemistry, i>hysics, and 
mathematics. Kej^ardiujf the 
l)lacement of u nder, graduate 
students in the laboiiitory dur- 
in.i> the period from liISS to 
iqqi, "7 pereeni of the 172 sci- 
ence p;r;iduiites were involved in 
researeh. A sij^mifieaul fraeiidn 
of them went on to pursue 
rh.D.'s in seienee. 




University of California-U)s 
Angeles. Dr. Hisc'rling described 
sev(>ral challenges for curricu- 
lum reform in life sciences at the 
University of C'alifornia-Tos 
Angeles. One major challenge is 
departmental resistance to 
change, whieh at UCIA is com- 
pounded by the structure of the 
dei>artments in life sciences — 
five depiirtments and 110 facul- 
ty— and the pres(“nce of multii)le 
l>erspectives about wlmt new 
directions should be taken. He 
indicated that (lei)artment struc 
lure must be "looscmed U])’’ in 
order to accomi)lish aciidemie 
idiange. 

Initially, the imi)etus for eur- 
rieulum |■eform at the universi- 
ty was primarily economie 
rather than i>edagogie. Uul 
hacks in the numher of I'aeult)' 
have raised (piestions of sur- 



Drs. Pamela leaker nt 
Hales ( ollefie and 
Frederick ,\, Kiseiiin^. 
Fniversily of ('alitdrnia-- 
\ms .\iif;eles, appear Io 
a^ree wilh ri’IA's 
Ur. Oiville I'hapman. 
who says that 
"assessment is ilu‘ 
crahurass in tlie 
acailemic lawn. ” 
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vival and have led to ohaiiKes 
based on administrative effi- 
ciency. Previously, depart- 
ments controlled graduate 
study in research, academic 
personnel, undergraduate cur- 
ricula, and staff admhiistration. 
sSome of these responsibilities 
have been centralized for 
administrative purposes. How- 
ever, the necessity for opera- 
tional efficiency also was used 
as an opportunity to realign tlie 
sciences in keeping with cur- 
rent trends toward interdiscipli- 
nary collaboration. Harriers 
luive dropped and departments 
are now sharin^f resources 
alon« the lines of current 
research interests rather th:in 
traditional disciplinary lines. 
For additional information on 
the subject. Dr, Kiserlinj^ rc'c- 
ommended The Predictable 
Failure of Ed neat ioiia I Reform 
by Seymour Sartison. 

Dr. Orville Chapmtin de- 
scribed assessment :is "the 
crab,i;rass in the ectidemic lawn" 
because "we do it poorly; it's 
the worst tiling we do." He de- 
scribed the assessment of an in- 
novative computer-based course 
that was a threat source of |)ride. 
Hut the first formal assessment 
of the |)ro,c;ram, conducted inde- 
pendently by cognitive scien- 
tists. yielded disap|)ointiny re 
suits, riiere was no difference 
between the eoiirse .i;rad('s of 
students in the control p;i()up 
and those in the e\i)erimental 
.uroup. Dr. Uiai)in:m sou, edit an 
exiihimat ion from a cognitive 



psychologist, who noted that 
the computer laboratory— de- 
signed to improve students’ un- 
derstanding of the discipline — 
only tested for performance on 
rote learning and exercises, not 
understanding. This story illus- 
trated the main point of Dr. 
Chapman's presentation, which 
was that more appropriate 
methods of assessing student 
learning and understanding are 
a prerequisite for achieving ed- 
ucational reform. 



Discussion 

An Assessment Dilemma: 
Ruling Out Fixternal Forces. 

One of the main issues that were 
brought uj) concerned assessing 
the impact of curricular rc'form 
on incrc'asing enrollments vis d 
vis other inllueiices, a variety of 
which were identified; cultural 
changes in society, aggressive 
admissions strate.gies, and shifts 
away from other fields — where 
jirosiiects for ('mployment are 
diminished — toward relatively 
secure fields, such as medicine, 
into which biology may feed. 
Increased enrollment in courses 
that have not been changed indi- 
cates that outside inlluences are 
probably :it work. It was sug- 
gested that a inoi'c aiipropriate 
indicator lor the impact of cur- 
ricular ri'lorm would be whether 
there was a sustained interest in 
.H'ience, i.e.. the retention of 
uiiper-division students who in 
their freshman ye:ir declared sci- 
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ence as a major. A decrease in 
the number of science majors 
should prompt an examination 
of introductory courses and 
other early experiences (includ- 
ing advising) that may be dis- 
couraging students. 

Institutional Commitment. 

'I'here was a general sense that 
curricular reform cannot be 
done in isolation; it must be 
part of an overall change in the 
institution. One such change is 
that faculty should view help- 
ing to recruit, advise, and 
retain undergraduates in sci- 
ence as part of their core 
responsibility. One program 
participant commented that the 
current attitudes are reflected 
in the fact that faculty typically 
talk in terms of research 
resfunisihilities versus teaching 
loads. It was suggested that 
many faculty trained as 
researchers may need addition- 
al training and incentives in 
teaching. A variety of pro- 
grams are in place at different 
institutions, ranging from one 
for excellence in teacliing to 
one in which faculty participa- 
tion affects salary increases, 
l)romotion, and tenure. One 
l)articipant said liis teaching 
was imi)roved by ennilling in a 
music tin ory course, because 
confronting a comi)letely unfa- 



miliar subject area helped him 
understand what his students 
experience. 

Using Reform to Influence 
Student Expectations. 

Another area of change is in stu- 
dent expectations about what 
they will be taught in science 
courses — e.g., the misconcep- 
tion that they are merely prei^ar- 
ing for the GRKs and MCATs. 
Different objectives and differ- 
ent learning styles must be rec- 
ognized and accommodated in 
the curriculum reform process, 
and these should not be undei'- 
cut by the need for assessment 
or the need to i>ass standardizf'd 
tests for graduate or profession- 
al school. 

The Role of Education. 

Discussion followed on the role 
of education departments in cur- 
ricular reform and assessment. 
In many institutions, science 
departments have distanced 
themselves from colleges of 
education, and it was generally 
agreed that increased consulta- 
tion should occur. 'I'lie implica- 
tions of curriculum reform also 
extend to in-service training of 
teachers in kindergarten-lL\ 
because changes must take 
l)lace at the precollege level to 
l>rei)are students foi' new 
ai>i)i’oaches in higher education. 
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Assessing Outreach Programs 

North Carolina State University ■ William C. Grant, Ph.D., Sarah Berenson, Ph.l). 

University of Chicago H Robert L. Perlman, Ph.D., Anne M. Heinz, Ph.D. 

Villanova University ■ R. William Marks, Ph.D., William M. Fleischman, Ph.D. 

T^he panelists and their colleagues described three outreach pro- 
grams that tak /ery different approaches to assessment. 'Hie North 
Carolina State . niversity projjram targets rural IukIi scliool science 
teachers, providing them witli training and ec|uipment. To assess liow 
well the program is reaching its goals, the university's Center for 
Research in Mathematics and Science Hducau jii conducts an evalua- 
tion using a range of metliods. including detailed ciuestionnaires and 
sophisticated statistical analysis. Tlie University of Cliicago is reacli- 
ing out to local liigli school science teachers tlirough a series of sum- 
mer seminars taugiit by university faculty. I'or tlie past tiiree years, 
tile program lias employed an evaluator from tlie Craduate Scliooi of 
Public Policy Studies at the university wiio uses jire- and postseminar 
tests and follow-up questionnain's. Tin* focus of Villanova University's 
jirogram is high school juniors and seniors who attend a six-week 
summer program designed to help students with an aptitude for biolo- 
gy become more comfortable with r.iid interested in mathematics. 
The iirogram relies on an exit survey at tlu' (Mid of tin- sumnuM' ses- 
sion for iirogram (‘valuation. 



Presentations 

North Carolina State Univer- 
sity. According to Ur. Sarah 
HeiXMison. North Carolina State's 
year-round iirogram targets rural 
high school teachers of chem- 
istry, physics, and biology. (mi- 
couraging tluan to adojit an int(M'- 
(lisciplinarv teaching apiiroach to 
comiileimMit traditional practices. 
The Iirogram consists of thi'ee 
jiarts. In tlu' first, teaduM's learn 
in summer workshoiis how to 
leach skills in science |i|-ocess, 
using com|Hit(M's and otluM' labo- 
ratory erinipiiKMit. 

1 luring the s('cond pai t of the 
program, which consists of 
school site visits, tin- pi'ogram 
staff take ('omi)ul(M's and otluM' 

O 
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teaching tools to rural schools, 
helji teachers become familiar 
with tlnmi. and leava- tlnmi with 
the teachers for classroom use. 
During the third jiart. the rural 
teacluM's coiiK' to the North Car- 
olina State camiius to discuss 
tlu'ii' jirogress and any iirobhans 
they are encount(M‘ing in imiile- 
nuMiting tlu' lU'w teaching 
aiiiiroach. 

1 )r. H(M‘(Mison said that the lai- 
mary goal ot the imiv(Msily's pro- 
gram is to change the wa\ 
teacluM's teach sci.Mice, In iiartic- 
ular, the iirogram e, 'coinages 
them to rely moia- on hu oratory 
and investigative approi.''hes 
than on lectuics; more >'ii 
pi'ocess M<ills than on inemori/a 
tion; more on technology than on 

‘ • r 
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work witli i)<i|HT and im'IumI; and 
more on leaelier (iiieslions than 
on supplyiiifj answers. 

In assessiiiff tlie effectiveness 
of tlie profjram, North Carolina 
State University has evaluated 
both the man<ij(einent of the jiro- 
Kram and its effects. To evaluate 
manafjement. the university tries 
to answer a number of related 
ciiu'stions: What are teachers' 
attitudes about the project's 
activities? What do they consider 
to be the strcMiKths of the pro- 
Ltram? And what do they consid- 
er is needed to imiifove the 
pro,i;i'am? 

The university atteinjited to 
answer additional (|uestions to 
evaluiite the projiram. Do tetich- 
ers use the knowled,t;e lhe\ 
letirned in the |)roj;r;mi ;md the 
materials they were jirovided? Do 



they develop new lessons that 
use technolof'y? Are they iisiiiK 
their luwvly jjained knowledge 
with their colleagues? And are 
teachers taking the initiati\e to 
leverage additional resources 
from their administration to 
implement new approaches? 

To answer these questions and 
arrive at an evaluation, Nortli 
Carolina State University uses a 
mix of methods. These inclmh' 
teacher surveys composed of 
both ciuantitative measures (Lik- 
ert scales and lists) and ciualita- 
tive measures (open-emh'd 
(|uestions). rite program also 
uses teacher anecdotes, iiroject 
records, and teacher interviews, 
including grout) discussions on 
videotapes. 

Dr. Herenson iiri'sented a sam- 
ple page of one of the f|iiestion- 



l)r. William M. 
Flt'ischmami, Villanova 
t nivcrsiiv (stamlinn). 
makt's a point al)oiil 
t’valualink outreach 
programs, lie isjoincti 
i)v Drs. .Sarah Bercnson 
Ilf Ncrtl) Carolina State 
t iiiversitv. Roliert 1,. 
I'erlman ami .\nne M. 
Heinz of tlie Iniversity 
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naires to illustrate the multiple 
measures used. Teachers were 
asked to check off applications 
they used in their classrooms 
after they had received training 
through the program, such as the 
use of hands-on materials, the 
use of computers, and students 
working in small groups. They 
were also asked an open-ended 
question about what they had 
learned and were asked to com- 
pare their current teaching 
approach to their previous one. 
using a l-to-7 scale. 

Dr. Berenson’s conclusion, 
based on the assessment to date, 
was that the teachers who had 
been in the program were begin- 
ning to change their tc'aching 
methods as a result. 

The University of Chicago. Dr. 
Robert Perlman described the 
University of Chicago’s summer 
seminar program fcd high school 
teachers, which the university 
began a decade ago. Adminis- 
tered by tt.e office of the univer- 
sity pn'sident, the program offers 
seminar s by faculty in a variety of 
disciiilines. HHMl grants cur- 
rently sup|)ort two seminars, and 
the university will soon be adding 
a third. 

'file science seminars are 
held three to five days a week 
for four or live weeks during the 
suninier. They involve a total of 
1,0 til 110 teachers each year. Dr. 
Perlman said. 

'Hie goals of the iirogram have 
been evolving, according to Dr. 
Perlnian. When the seminar pro- 



gram began, the goal was strictly 
to provide intellectual renewal for 
high school teachers, by bringing 
them up to date on the latest 
developments in their subject 
areas. Over time, the focus has 
shifted to pedagogical issues, with 
the goal of transforming teacher 
practices in the classroom. 

Dr. Perlman added that the 
character of the seminars is very 
much determined by the inter- 
ests of the faculty members who 
teach them. He gave the example 
of a math seminar that began 
simply as a way to teach calculus 
to high school teachers. The 
course instructor, however, 
decided to use the seminar as a 
way to encourage the teaching of 
calculus in all of Chicago’s high 
schools. To do so. he changed 
the seminar, bringing in both 
teachers and students to learn 
calculus small groups and pro- 
viding the former with teaching 
methods they could take back to 
their schools. 

Three years ago. the program 
began a systematic annual evalu- 
ation of the sumnu'r seminars. 
In its first two years, the evalua- 
tion was done by a graduate stu- 
dent in public policy. For the last 
year, the evaluation has been 
done by Dr. Anne Ih'inz, a pro- 
fessional evaluator, former 
teacher, and si)e'cial assistant to 
the Chair of the university’s 
De|)artment of FiirgiTy. 

Dr. Perlman said that the uni 
versity’s assessment effort was a 
relatively modest one. (Question- 
naires were distributed before 
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and after the seminars. In the 
last two years, questionnaires 
were sent to teachers during the 
school year. The postseminar 
questionnaires asked teachers to 
report on the changes they had 
made in their teaching as a result 
of the seminars. How had the 
seminar met their expectations? 
What was the most valuable 
part? etc. 

In summing up. Dr. Perlman 
said that the program is using 
the evaluations to help the semi- 
nar faculty and its administrators 
achieve their goals. But this he 
conceded, has been complicated 
by the fact that the goals have 
changed over time. He also said 
that much of what the program 
officials had learned from the 
evaluations confirmed what they 
had already learned informally — 
that the seminars are having an 
important and positive imiiact on 
teachers. 

Villanova University. Dr. 
William Marks described 
Villaiiova’s residential Young 
Scholars Project in Biology and 
Mathematics, an outreach jiro- 
gram for rising high school 
juniors and seniors. Out of 900 
to 1,000 ap|)licants. the pi oject 
chooses 40 students t."om 
schools in the New York-to- 
Washington. D.C., urban corri- 
dor to |)artici|)ate in a six-week 
Slimmer iirogram. I’liis com- 
bine'; course work with exteii 
sive laboratory and researcli 
exiierience in biology and math 
einatics. The sul lect oiatter is 



presented in a manner that 
emphasizes interdisciplinary 
connections, principles of scien- 
tific inference, quantitative 
thinking, and visualization tech- 
niques. Dr. Marks noted that the 
students are quite diverse: more 
than half are women, and less 
than half are white. 

One oi the major purposes of 
the program, said Dr. William 
i'leischman, is to help students 
who are very interested in biolo- 
gy but lack confidence in math. 
This focus was based on the 
experience of many of Villanova’s 
biology majors who drop out of 
the field because “they can’t han- 
dle the math," Dr. Fleischman 
explained. 

Another major purpose, Dr. 
Marks said, is to build a sensi* 
of community among the young 
scholars. To do this, the project 
has set up a wide range of activi- 
ties — "life experiences." Dr. 
Marks called them — designed 
to encourage the students to 
interact with one another, as 
well as the material. In addition, 
the project includes several 
activities designed to involve the 
parents of the students. This 
sense of community has been 
crucial in tracking students, 
with one student often taking 
till' initiative to follow iq) on the 
activities of another and reiiort- 
iiig the findings to Drs. Marks 
and Fleischman. 

Moreover, the jiroji'ct extends 
the students' involvenieiit into 
the academic year. Students do 
research iirojects during the 




104 



Assessing Outreach Programs 



soliool year, and also communi- 
cate with one another. 

To assess the project, Villano- 
v i relies primarily on student 
responses to an open-ended 
questionnaire that is sr' mitted at 
the end of the summer session. 
Students are asked to give a 
detailed and frank assessment of 
every aspect of the program. Stu- 
dent responses are then evaluat- 
ed, mainly by Dr, Fleischman. 

Dr. Marks said that the infor- 
mation gained was "invaluable," 
but — after hearing the other 
panel presentations and the ple- 
nary on assessment — he added 
that Villanova’s program could 
probably benefit from collecting 
more quantitative data. 



Discussion 

Assessment; A Feedback 
Device. Much of the discussion 
explored the benefits and limita- 
tions of assessment. The pan- 
elists were asked to report on 
what they had changed in their 
iirograms as a result of the 
assessment process. Dr. Perlman 
reported that the decision to 
include studi'iits as well as teach- 
ers in the summer seminars came 
in response to feedback from 
(|uestiomiaires. lie also said that 
tile I'niversity of Chicago had 
(l(‘ci(led to ineliuk' middle school 
as well as high school teachers in 
the program, based on the teach- 
ers’ evaluations. 

Dr. Fleischman reported that 
in reading the evaluations, he had 



learned that the students came to 
the program with a much broader 
range of abilities in mathematics 
than in biology. As a result, the 
mathematics component was 
given more time to show students 
the connections between mathe- 
matics and biology. 

North Carolina State Universi- 
ty’s Drs. Grant and Berenson 
reported teachers felt over- 
whelmed with too much informa- 
tion during the first year’s 
sessions. In later sessions, the 
levels of information teachers 
were starting with were 
assessed, and the summer ses- 
sion was geared to that level. 

Do Programs Need a Profes- 
sional Evaluator? A partici- 
pant asked the panelists if they 
really needed to use a profes- 
sional evaluator to learn what 
they had accom|)lished. Dr. 
Marks responded that Villanova 
did not use a professional evalu- 
ator, but that — after listening to 
the other panelists and the ple- 
nary on assessment — it senned 
that a professional iwaluation 
would provide information that 
would help his program. Dr. 
Grant said that without a profes- 
sional evaluator, some ki'V (lues- 
tions might have beni missed. 

Dr. Heinz expanded on this 
point. She said that part of her job 
is to he']) those wlio ti'ach in the 
University of Chicago’s pi’ogram 
to think clearly aboiit what thev 
are trying to accomplish — to 
specify their goal. Doing so helps 
the faculty design ;ui(l implement 
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an effective program. Someone' 
inside the program, who is not a 
professional evaluator, might not 
do as effective a job. 

Assessing the Intangibles. Dr. 

Eric Davies of the University of 
Nebraska-Lincoln said that one 
of the key goals of an outreach 
program is to produce more 
teachers who are able to get their 
students excited, which is very 
hard to measure. Dr. Grant 
responded that his program 
relied on anecdotal information 
and on written responses from 
students of the teaehers who had 
taken ])art. 

Evidence of Success. The 
panelists also provided more 
details about their respective 
programs in response to ques- 
tions. Dr. Herenson was asked 
whether North Carolina State 
University had any data on how 
successful h(‘r program had 
been in encouraging rural high 
school teachers to integrate 
chemistry, physics, and biology. 
She replied that the teachers' 
use of interdisciplinary modules 
prepared by the program was 
one nu'asun* of success the pro- 
gram evaluation used. 

Dr. Heinz said that the Univer- 
sity of Chicago's outreach pro- 
i',rain was trying to leverage its 
resources to reach mori' teaeh- 
ers, but it was a comi)licated mat- 
ter. The exi)ansion of the 
lirogram deiK'iided on the extent 
to which university faculty were 
willing to continue and exi)and 



the contacts they made during 
the summer seminars. 

Assessments of Other Out- 
reach Programs. Several of the 
participants discussed outreach 
programs at other universities. 
Dr. Sondra I^zarowitz of the Uni- 
versity of Illinois at Urbana- 
Champaign said that her institu- 
tion provided summer work- 
shops for rural middle school 
teachers to help in the develop- 
ment of content and teaching 
approaches. At these workshops, 
teachers work in teams to devel- 
op kits that are designed to meet 
their curriculum needs in the 
classroom. The kits are then test- 
ed by the teaehers in their 
schools. 

According to Dr. Lazarowitz, 
the program uses many mea- 
sures to assess its success. It 
looks closely at changes in stu- 
dent performance at the schools 
where its teachers teach, and it 
analyzes the teachers' profession- 
al development, riie university 
also tracks the numbers of teach- 
ers who come back to the pro- 
gram from specific schools. She 
reported a high rate of return of 
teaehers, some of whom came 
back to act as mentors for other 
teachei's. She also noted that sev- 
eral of the teacher participants 
had gone on to become science 
coordinators for their schools oi- 
even their districts. 

Dr. Harold Silverman of 
Louisiana Statt' University 
described his institution's out- 
reach program that aims to 
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improve the teaching of molecu- 
lar biological concepts in 
U)uisiana schools. The program 
promotes hands-on approaches 
to molecular biology by providing 
teachers with training, curricular 
materials, and equipment. A key 
element of the university’s pro- 
gram is to provide schools in the 
state with scientific equipment 
for classroom use. 



Dr. Silverman reported on 
assessment efforts to date, say- 
ing that the program seems to be 
effective. He based this on 
teacher par ticipation and the 
increased numbers of students 
learning molecular biology 
through hands-on methods 
instead of lectures. He said it was 
too early to draw conclusions 
about long-term success. 
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Summary of Key Issues 



John Jungck, Ph.D. ■ Mary Mennes Allen, Ph.D. ■ Deidre D. Labat, Ph.D. 
Joseph G. Perpich, M.D., J.D. 



A context for a discussion of key issues from the program direc- 
tors meeting, Dr, Joseph Perpich. HHMl Vice President for Grants and 
Special Programs, gave a brief overview of current efforts to reform 
kindergarten-12 science education at the national, state, and local lev- 
els. He noted the direct impact on undergraduate science. 

Science education reform is characterized by conflicting move- 
ments. For example, several organizations have established, or are 
establishing, national curriculum standards for science education, 
while, at the same time, there is strong support for site-based man- 
agement in schools, The reconciliation of these two competing 
objectives is likely to vary widely among school districts. Describ- 
ing undergraduate science departments as critical players in sci- 
e!\ce education reform. Dr, Perpich told the audience of program 
directors that they will be affected, now as they design and deliver 
their outreach programs, and in the future, when the students who 
have gone through the reformed kindergart('n-12 programs reach 
their institutions. 

Cur lent challenges for the science departments include playing 
an expanded role in teacher education, particularly at the preservice 
level: ensuring “life after Hughes" by seeking core institutional suj) 
port for outreach programs; and incorporating technology into sci- 
ence education. The introduction of technology into the science 
classroom. Dr, Perpich noted, raises many of the issues facing sci- 
ence more generally: issues of costs, equity, and distribution; and 
issues of broadening access for women and underrepresented 
minorities. Another challenge for science departments is to develop 
a|)pro|)riate assessment tools for evaluating the various dimensions 
of success of science education. 



Defining Success 

Dr. Allen discussi'd several 
ciiiestions that emerged from 
the |)rogram diicctors meeting 
concerning ass(>ssment. Chief 
among them is the del'inition of 
"success," Although difficult to 
define, success involves a com- 



bination of factors and varies 
among programs. Not all of the 
strategi('s discussed will work 
in all |)rograms. Determining 
siu'cess involves an examina- 
tion of the initial objectives of 
the progiam. For ('xani|)le, is 
its goal to jiroduce more well 
trained scientists, or a more sci- 
entific.'illy literate po|nilation? 
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Beloit (’olli‘^e’s Dr. John 
.Iun>?ck summarizes the 
key issues raised dunriM 
the |)ro)»ram directors 
meeting, along with Drs. 
Mar>’ Mennes Allen of 
Wellesley ('tillege aiwl 
Dcid'.v Lahat of Xavier 
I'niversily of Louisiana. 



A related issue is deciding 
what variables should be includ- 
ed in an assessment. Dr. Allen 
noted that many programs are 
looking increasinjily at the 
impact on the social circum- 
stances of their students, not 
just the direct impact on perfor- 
mance in science. A^ain, this 
issue is tied to the original 
objectives of the program: 
'-'.hould participants be selected 
by oracle point average or their 
at-risk status? Does the pro- 
gram serve the faculty’s need 
for research assistants or does it 
serve tlu' needs of at-risk stu- 
dents? Dr, Allen also mentioned 
that a commonly discussed 
issue in assessment is the need 
to establish a basis for compari- 
son. i.e.. a contrnl group. 



Institutional Differences: 

One Size Does Not Fit All 

Dr, .lungck noted the value of 
the nu'eting’s discussions in 
promoting interaction with col- 
lec.gues with similar interests 



from a group of institutions that 
is so heterogenous in terms of 
geographical location, size, mis- 
sion. and assumptions about 
education. These institutional 
differences have spawned a vari- 
ety of approaches to science 
education. The program direc- 
tors meeting provides an impor- 
tant opportunity for colleagues 
to learn about the range of 
approaches and to benefit from 
the experiences of their coun- 
terparts. This point was under- 
scored by Dr, Labat, who 
observed that a substantial 
amount of information was 
shared outside the meeting’s 
formal sessions. 



Precollege Programs: A 
Range of Approaches 

Dr. l.abat described the wide 
range of the precollege science 
education programs discussed 
during the meeting, indicating 
that the goals ranged from train- 
ing future scientists to increas- 
ing science literacy among 
nonscientists. Slie pointed out 
that only a relatively limited 
number of students pursue 
Ph.D, or M.D. degrees, but all 
students are personally affected 
by the advances of science and 
technology. On a I'elaled topic. 
Dr. Labat pointed out that not 
evei'vone who is interestod in 
science will be successful in sci 
cnee. In such instances, she 
said, it is incumbent on faculty 
or counselors to be mindful o,f 
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tlu'ir approat'h as they broacli 
that issue with a student, 
because it is likely to be 
extremely discourajjiiiK. 



Discussion 

Outreach and Tenure. One 

program director touched off a 
brief discussion about outreach 
and tenure, sayin^j that it is 
sometimes difficult to attract 
nontenured faculty to an out- 
reach program because of the 
demands of the tenure process. 
He asked HMMl to consider pos- 
sible ways to encourage non- 
leiuired faculty participation, 
such as providing a forum for 
publishing papers or articles. 
Dr. jungck noted that existing 
journals offer publishing oppor- 
tunitii's. and encouraged the 
audience to share their wealth of 
experiences in the relevant sci- 
entific and educational publica- 
tions such as the Journal of 
College Seienee Teaching, Science 
Education, and American Biology 
Teacher. Dr. Peri>ich noted that 
several institutions have incorpo- 
rated outreach requirements in 
their tenure processes, and lie 
encouraged directors from those 
institutions to share their experi 
('iices on this issue. 

Women and Minorities in Sci- 
ence. One common goal :iinong 
the undergraduate progr.uns is 
to altrtict women and underrep- 
resented minorities to science. 
,An tiudience member observed 



O 




that reaching women and 
minorities at majority institu- 
tions reciuires ;i commitment by 
the faculty and the personal 
attention of program directors. 
Another program director indi- 
cated that there is a need for the 
HHMI to encourage more 
Ph.D.'s in biology in order to 
help reverse the past decade's 
decline in the number of minori- 
ty Ph.D.'s, particularly among 
African America.ns. He suggest- 
ed that one contributing factor to 
the decline is that, in general, 
the M.D. degree is better known 
than the Ph.D. degree within 
minority communities. Dr. Pur- 
nell Ch.oppin. HHMI IVesident. 
explained that while HHMI is a 
medical research institute, the 
vast majority of investigators 
supported are Ph.D.'s. 

Kxternal Influences. A critical 
issue in assessment is separating 
the true impact of science educa- 
tion programs from the influence 
of external social and economic 
factors. A program director 
cited the example of the rob' of 
an outreach program in college 
enrollment. The program direc- 
tors agreed that the external 
influences are difficult to 
account for, but Dr. Allen noti'd 
that they may be easier to factor 
out when the assessment is done 
over ;i period of time. I'he role 
of external factors was illustrat- 
ed in Dr. Perpich's comments to 
the effect that shifts in student 
career interests and changes in 
state teacher certification 
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requirenu-nts had Ifd to the 
dtMiiise of the education major at 
Oberlin College, which at one 
time had graduated 200 future 
teachers a year. 

Program Directors Network. 

riiere was substantial discussion 
of tlu' need for a forum to 
exchange ideas so that program 
directors can get new ideas and 
insights and avoid the pitfalls oth- 
ers may have encountered. It 
was noted that published articles 
tend to focus on successes, bu' 
that progi.iin directors would 
benefit tremendously from learn- 
ing about failed approaches. It 
was announced that a sei)arate 
folder will be created on the 
HughesNet as a rei)ository for 
assessment questionnaires and 
other assessnu'nt r('sourc('s. 
.-\nother suggestion was that 
IIHMI maintain an index of rcde- 
vant articles on K-mail. 

Ms. Linda Chaput, I’ri'sident 
of Interactive Services (a com- 
nu-rcial publishiT), advised the 
program directors not to worry 
if they feel that they are missing 
tlu' I'ducational technology 
bandwagon. She said that whili' 
everyone now is "scrambling lor 
a seat at the table, tin' table itself 
is getting larger," as there is 
inciamsed interest in delivering 
education and reference materi- 
als electronically. 

Dr. Per|)ich concluded the 
session by recai)itulating some 
of the major ideas from the pro- 
gram diia'Ctors meeting: 



■ Precollege Science Educa- 
tion. Colleges and universities 
must place greater emphasis on 
training kindergarten-12 teach- 
ers, both in-service and preser- 
vice. Dr. Bruce Alberts, Presi- 
dent of the National Academy of 
Sciences, is calling on science 
departments to recognize pre- 
college programs as part of their 
mission. He is also encouraging 
institutions of higher education 
to form science education part- 
nerships with local schools and 
communities. While the mission 
of HHMI is to attract more stu- 
dents to biomedical research, 
the Institute places significant 
resources in kindergarten-12 
science I'ducation outreacli pro- 
grams to expose large numbers 
of young people to science 
broadly and increase science lit- 
eracy in the general population. 

■ Educational Technology, 
riie costs are coming down and 
more software is being developed 
and upgraded, but educational 
techr.olog>’ Is still an unexplored 
frontier foi' many science depart- 
ments. A number of the meeting 
participants, including Drs. 
(iabricde Wienhausen and 
Barbara Sawrey of the I'niversity 
of California-San Diego, have sig- 
nificant exi>erience in assessing 
educational technology, i)articu- 
larly the use of multimedia mod- 
els to help students prepare for 
tlu'ir laboiatories. riiese pro- 
grams' efforts have been profili'd 
in Chcmiral and Kn^inrrring 
Srws. Dr. Perpich exiiressed 
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slronjjf interest in learning as 
much as possible about the use 
of educational technologies by 
the program directors over the 
next year. One issue in particu- 
lar is how educational technology 
responds to the differing learn- 
ing styles, preferences, and abili- 
ties of students. 

■ Assessment. There is no 
right way to assess the science 
education programs, and evalua- 
tion must be customized to fit 
their structure and objectives. A 
common issue in any assessment 
is the difficulty of teasing out the 
effects of external trends on 
such outcomes as enrollment lev- 
els and interest in science as a 
career. Other issues include 
costs, and whether or not to use 
outside evaluators. Some institu- 
tions continue to have ciueslions 
about how much assessment is 
needed, or why assessment is 
needed at all. 




Ur, ICxyii' ('. Kyd(‘r (if 
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Strategies to Involve Faculty in Outreach 
Xavier University of Louisiana 



^Cavier University of Lx)uisiana is a private, historically black, com- 
prehensive institution in New Orleans. In 1993 the Howard Hughes 
Medical Institute awarded the University .'>1,400, 000 to support a pro- 
gram for attracting and retaining students in the sciences, including 
women and members of underrepresented minority groups, through 
the following activities: (1) academic development and other support 
for biology and chemistry majors, to include financial assistance for 
freshmen, academic advising for biology and chemistry students 
through counseling and tutoring, and placement in summer laboratory 
research programs, and (2) summer academic enrichment programs 
in biology, chemistry, and mathematics for 9th-12th-grade students 
primarily from metropolitan New Orleans, and support for junior high 
and high school teachers to develop new teaching materials. 



Pathway Programs 

With a total of 49 acceptances, 
Xavi(T University of I.ouisiana 
was the nation’s leading produc- 
er of African Americans entering 
medical school in 1993. Over the 
past five years, the University 
has doubled the number i>f 
African .American graduates it 
sends to professional and gradu- 
ate schools in the biological sci- 
ences and tripled the number of 
students majoring in biology. 

The University’s feat stems to 
some extent from the strength of 
four precolK'ge programs, partly 
supported since 1988 by HHMI 
funding. These programs form 
the first stretch of an educational 
pathway that nurtures promising 
science students from junior 
high school into colh'ge. 

riiree of the programs — 
MathStar, BioStar, and Chem- 
Star — are taught by Xavier 
professors with the assistance of 
undergraduates. The other. 
Stress On Analytical Reasoning 



(SOAK), is taught in conjunction 
with high school teachers. TIk'sc 
programs share a number of ele- 
ments aimed at retaining student 
interest: a focus on problem-solv- 
ing rather than content, group 
competition, and peer support, 
with upper-level mathematics 
and science majors as teaching 
assistants and role models. 

Tor two decades, the pathway 
effort has been successful in 
recruiting University faculty to 
develop and run its precollege 
programs. That success, pro 
gram leaders say. results from 
faculty-enlistment strategies — 
some natural, others deliber- 
ate — found in the structure, 
characteristics, and operation of 
the effort as well as in the per- 
sonalities of its leaders. 



Program Structure 

"First you have to have a cata- 
lyst," says Dr, Jacciueline Hunter, 
a biology profi'ssor who has par- 
ticipated in the pathway effort 
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Xavier I’liiversity of Louisiana !):l 



sina* its start in the mid-197()s, “a 
person who has all these ideas, 
who is willing to do most of the 
work, but who can convince 
somebody that it’s worthwhile, 
you ought to do it." 

The Xavier effort is catalyzed 
by chemistry professor Dr. jVV 
Carmichael. With the aid of stu- 
dent helpers in the Premedical 
Office he does a great deal of the 
work behind the projt'ct and gen- 
erates an energy that pulls in fac- 
ulty volunteers. 

Another key structural strate- 
gy in Xavier’s success — the Sci- 
ence Kducation Research Group 
(SKR(i) — is a long-standing core 
of faculty that includes Drs. 
Hunter and Carmichael and a 
half dozen others. 'I'he grou]) i)ro- 
vides support for its members 
and a place to discuss education 
issues, solve teaching problems, 
and publish reports. 

"We don’t just talk about how 
to get grants,” said Dr. Deidia 
Rabat, Chair of the Biology 
Department and HHMI iirogram 
dirt'ctor. "We discuss how to 
make up tests, what kinds of 
cpiestions, how many levels of 
information you can put in a 
{jiiestion. \VT talk about articles 
in science education atul ways to 
imiirove what we’i'e doing.’’ 

From (i to LF") faculty members 
have heen attending these meet- 
ings once a week throughout the 
academic year since 
when representatives frotn the 
biology, chemistry, mathematics, 
physics, atid cotuputer science 
departments wen' called togeth- 



er to create SKRCi. After develoi> 
ing the program, the group con- 
tinued to meet. 

The interdisciplinary approach 
allowed strengths to be shared 
among the departments and ben- 
efited everyone. For exatuple, it 
became apparent that Biology 
had a better tutoring center than 
other departments, and Chem- 
istry had made innovative 
improvements to freshman 
courses. 



Program Characteristics 

The precollege pathway pro- 
grams serve about 600 students 
each summer. To persuade' facul- 
ty beyond tlu' core group to par- 
ticipate, the i)rograms must he 
vit'we'd as both worthwhile' and 
successful, say the' me'iubers of 
SFRC,. 

The worth of the' pre'ce.'lh'ge' 
programs is e'vide'iit in the' large' 
nutubers of students who want to 
atte'iul. In 1994 more than 2,000 
ai)plied. Their value' is also 
re'fie'Cted in the unde'rstanding of 
most faculty that for matiy of 
the-se' students, the- pre'colh'ge' 
programs are' the only re-al hope' 
of a successful colk'ge education. 
"We know that if we' don’t inte'r- 
veiu' with tlu'se' students, we’re' 
ge)ing te) h)S(' the'iu," saiel Dr. 
I.abeit. 

In aelelitieen, tlu- SI'iRG ine'iu- 
!)e'fs have' maele' ele'libe'rate' 
atte'iupts to ceemtuunicate' the' 
value' of the' pathway i)re)gi'ams. 
Whe'ii aiu'celotal e'vieh'iice' iiuli- 
e'ate'el that Xavie'r stuele'iits whee 
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had passed a college-level read- 
ing ex''.m could not understand 
the standard biology text, these 
professors called other science 
faculty to a meeting and demon- 
strated the problem. Faculty 
were given the reading exam 
and then asked to read a section 
of the biology book. It was obvi- 
ous that the reading tesi was not 
a suitable indicator of compre- 
hension. 

The demonstration also per- 
suaded faculty of the value of 
general vocabulary building foi' 
science students. Many volun- 
teei'ed to help write the 2.500 test 
questions that eventually became 
"Vocabulary for the College- 
Bound Student." now used in the 
S( ) AR program. 

According to Dr. Carmichael, 
convincing the faculty that the 
outreach effort has produced 
worthwhile results is the most 
eflective way to get them to vol- 
unteer time for the students. 
The success of the precollege 
programs has also been persua- 
sive in getting more faculty and 
scimiee dc'partimmts involved. 
The takeoff of SOAR and the 
parallel evolution of an off-cam- 
pus program into ChemStar in 
the mi(l-H)(SOs generated a surge- 
in Xavier's chemistry enroll- 
ments. Dr. Dibat concluded that 
the Biology Deieartment should 
have a precollege sumim'r pro 
gram. too. With the help of Sr. 
(Irace Mary Mickinger. tinother 
member of the biology faculty. 
BioStar was stiirted in D)(S5. 
when about 50 Xavier students 



were majoring in biology. Nine 
years later, the Biology Depart- 
ment has about 750 majors, A 
similar sequence of events led to 
the creation in 1986 of MathStar. 



Program Operations 

The Science P'ducation Research 
Group uses a half dozen strate- 
gies to involve faculty in the 
pathway precollege programs. 
The SP'RG professors actively 
recruit new faculty, relieve them 
of program administrative work, 
prepare teaching materials for 
them, handle disciplinary prob- 
lems in their classes, consider 
their ideas for program changes, 
and reward their participation in 
a variety of ways. 

In fact, recruitment b(*gins 
during the hiring process. Candi- 
dates for the biology, chemistry, 
and mathematics departments 
are told about the pathway (d'foi't 
and asked whether they can ])ar- 
ticipate. Most of them do. 

The next recruitment stage is 
keeping the science faculty 
informed. Whether they attend 
or not, all science faculty receive- 
ag(-ndas and minutes for (-ach 
me(-ting. When an instructor is 
ne(-d(-d for om- of the sumim-r 
programs, SKRG b{-gin^ to publi- 
cize- the- ope-ning. 

If this approach doe-s not pro- 
duce- re-sults. Dr. Carmichael 
se-e-ks out ne-w faculty me-mbe-rs 
who show pi-omise- for teaching 
in the- summe-r programs and 
e-xpl;tins to the-m individually 
whtit this commitme-nt would 
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invcjlve. Although tho group tries 
not to pressure new faculty undu- 
ly. it wants to afford them every 
opportunity to participate if they 
wish. At Xavier, participation in 
teaching-improvement activities 
is seen as advantageous to a pro- 
fessor’s academic career. 

When recruiting faculty. Dr. 
Carmichael also includes an 
appeal to help the nation’s young 
African Americans. "1 would 
always put in something about 
[the students’] needing them." he 
said. "1 would be up front — we 
need somebody to do this, we 
need somebody wrio can teacn 
kids, inspire them." 

The Premedical Office han- 
dles most of the administrative 
chores for faculty participants. It 
recruits students foi' all four sum- 
mer programs and frequently 
processes the applications. It also 
does much of the secretarial 
work for program development 
projects SI h as crc'ation of the 
vocabulary-building text. The 
SHK(i professors have alrc'ady 
pre|)ared teaching guides for the 
summer course's, so new faculty 
can step into class with minimal 
preparation time. 

When teaching in the precol- 
lege programs, faculty spend lit- 
tle of their time (U'aling with 
discipline, since the undei'gradu- 
ate assistants have been 
assigned to handle such prob- 
lems. This arrangement 
enu'rgi'd after the SKUCi profes- 
sors noficed fhaf high school stu- 
dents were loitering aftei' lunch 



instead of hurrying back to 
class. So they were organized 
into competing groups, with an 
undergraduate assigned to lead 
each group. Groups win points 
for good attendance as well as 
for academic performance, while 
group leaders provide role mod- 
els and maintain order. 

SKRG provides opportunities 
for faculty volunteers to revise 
the teaching workbooks so they 
will feel that they are part of the 
outreach effort. 

Faculty involvement in SFRG 
meetings is formally recorded in 
the minutes, and many list their 
participation on the faculty 
update sheets that are st'iit each 
September to the University’s 
Vice I’resident for Academic 
Affairs. Faculty members who 
work in a precollege program 
receive a thank-you letter, and a 
copy is sent to the department 
chair. Dr. Labat acknowledged 
that wlu'ii faculty are up for pro- 
motion. rank, and tenure, these' 
activities are a significant factor. 

Xavier also recognizes the 
publication of science education 
article's as a sign e)f preifessional 
activity, and the SFRG preife'ssors 
have' publisheel some' !i0 article's 
about their work. 

Dr. Carmichae'l comme'nte'el 
that the' goal of publishing is 
twofold. The' first is to e'elucate' 
otlu'i's abeiut the' preigram; the' 
se'conel is to prewide' ele)cume'iita- 
tion of suece'ss in a traelitional feir- 
mat. I'or e'xainple'. Xavie'r is cite'd 
re'pe'ate'eily in the' lite'fature' on 
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African Americans and hij'her 
education, and science education 
in general. 



The New Pedagogy 

I)r. Carmichael spoke about the 
evolution of a more nurturing fac- 
ulty attitude toward students. 
This, he feels, began with drop- 
ping the gatekeeper attitude that 
characterized science faculty in 
the post-Sputnik era. a time when 
many people wanted to go into 
the sciences, but there were not 
enough positions for them. So 
the faculty had to create a gate- 
keeping system that allowed only 
the best students through. 

"Tlu' world is not tike that 
today." he said. "We are no 
longer in a situation where the 
nation can afford to throw away 
a lot of talent just because we 
are not ready when [they enter | 
college." 

Nor can the nation afford pro- 
fessors who are not good teach- 
(Ts. Dr. Carmichael recalled that 
when he was a new professor at a 
research-orienti'd university, his 
department chair told him not to 
devote his time to the freshman 
course he was teaching, but to 



research. It is also important that 
professors apply the same skepti- 
cal. testing approach to ideas 
about teaching that they apply to 
scientific ideas. Try something 
and test it. he said: if it works, 
keep it. If it doesn't, then modify 
it or try something new. 

Tlie strategies that the Scinice 
Education Research Group has 
used so successfully at Xavier 
can be replicated elsewhere. "If 
they buy into a couple of key 
ideas." Dr. Carmichael said. "1 
think other people could do it." 
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The Role of Science Departments in In-Service Education 
Smith College 



Smith College is a private liberal arts institution in Northampton. 
Massachusetts. In 1993 the Howard Hughes Medical Institute award- 
ed the College $600,000 in support of (1) equipment acquisitions for 
undergraduate laboratories, such as cell biology, immunology, and 
neuroscience; (2) a summer undergraduate research program, 
including student stipends, research supplies, and travel to scientific 
meetings; and (3) outreach programs that encourage young women 
to take math and science throughout high schools and pursue 
careers in science. 



Addressing Gender Bias in 
Science Classes 

Many girls face a number of 
social factors that may inhibit 
them from going into science. 
Peer pressure, few role models, 
unequal treatment in the class- 
room. and ineffective career 
counseling can cause girls to 
leave science before high 
school. One way in which Smith 
College is addressing these 
issues is through the Current 
Students/Future Scientists and 
Engineers program. 

The program focuses on 
teachers and guidance coun- 
selors — both of whom are 
extremely influential in shaping 
student careers— and provides 
them with a variety of resources 
and hands-on experiences 
designed to interest them in sci- 
ence and increase their aware- 
ness of gi'iider biases that may 
('xist in their own schools and 
classrooms. With its 1993 Insti- 
tute grant, tin college has 
extended the program (level 
oped under its 1988 award h'. 
enriching the program's labora- 



tory component and enabling 
increased numbers of teachers 
and counselors to participate. 

Through the yearlong pro- 
gram. the teachers and coun- 
selors address gender bias in 
the classroom and in career 
preparation programs by devel- 
oping strategies that are individ- 
ually tailored for their own 
schools. Creating teacher-coun- 
selor teams is a key component 
of the program, according to 
Casey Clark, flcience Outreach 
Program Coordinator and Co- 
Director of the Current Stu- 
dents/Future Scientists and 
Engineers program. 

Many teachers and coun- 
selors do not liave the opportu- 
nity to collaborate in the school 
setting, so ihe Smith program 
helps by providing them such 
opportunities. Involving guid- 
ance counselors is a unique and 
important feature, Ms. Clark 
said, because of their intluence 
in selecting courses and in shai>- 
ing cari’ers. Slu' emphasi/ed 
the importance of providing 
counselor ■ with a positive, 
hands-on laboratory experience 
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as well as strategies and 
resources to stimulate student 
interest in math and science. 

The specific goals of the pro- 
gram are 

■ To encourage young women 
students of all abilities, especially 
underrepresented and under- 
served minorities, to take math 
and science courses throughout 
high school. 

■ To develop strategies that will 
help to eliminate obstacles 
encountered by young women 
and minorities in their pursuit of 
science and math. 

■ To provide concrete informa- 
tion about career opportunities 
for women who are interested in 
science and engineering. 

■ To share workshop goals with 
staff, students, and parents 
through the development of 
implementation plans in the 
school community. 



Developing a Team 
Approach 

The yearlong program starts 
during the summer, when 
teacher-counselor teams come 
to the Smith campus for a three- 
day workshop. Typically, 
teams take part in the work- 
shop. They hear iiresentations 
by successful women in sci- 
ence, including minority scien- 
tists, iiast workshop partici- 
|)ants, and national authorities 
on education and bias. The 
1094 keynote speaker was 
Sheila Tobias, author of a mnn- 



ber of books on science educa- 
tion, including Overcoming 
Math Anxiety. 

Participants, who come from 
a variety of geographical and 
socioeconomic settings, receive 
a stipend plus room and board. 
They attend panels and semi- 
nars on such topics as “Prob- 
lems and Solutions: Teaching 
Girls in Math and Science" and 
“Women’s Experience in Sci- 
ence and Engineering Careers: 
Merging the Personal with the 
Professional." The programs 
are designed by a planning 
committee ^f Smith faculty, 
industry representatives, sec- 
ondary school administrators, 
and past workshop participants, 
who in many cases also serve as 
I)resenters. 

During one summer work- 
shop, Drs. David and Myra Sad- 
ker, researchers and authors on 
gender issues in education, led 
a seminar t,; train the teachers 
and counselors to recognize and 
address gender bias in class- 
room interact',)iis. Participants 
were asked to evaluate the equi- 
ly and effectiveness of the 
teaching style used on a video- 
tai)ed class and were taught 
observation strategies. Koh* 
playing also was used to illus- 
trate gender bias in teacher-stu- 
dent interactions. Several of the 
participating teachers ' ave 
noted the importance of becom- 
ing sensitized to the subtle 
forms of discrimination that can 
occur in the I'lassroom. 
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'I’he workshop also offers lab- 
oratory experiences in biology. 
clKMiiistry, mathematics, and 
physics, and provides training in 
electronic communication. The 
laboratories feature hands-on 
experiments that engage the 
participants in the scientific 
process. Some of these activi- 
ties can be easily adopted and 
used by secondary school 
teachers. 

In the summer of 199-1. 
teachers and counselors partici- 
pated in a laboratory on “Kx- 
ploring the Structure and Func- 
tion of the Cardiovascular and 
Respiratory Systems." This lab- 
oratory was specifically de- 
signed for participants to be- 
come engrossed in activiti(>s 
without being "grossed out" by 
the use of fresh tissue. In 
"Lasers: The Light Fantastic." 
partici])ants assembled a heli- 
um- neon laser and learned 
about the properties and appli- 
cations of lasers. 

The program a’ so offered a 
Computer Communications lab, 
in which the teachers and toim- 
s 'lors learned how to connect 
with colleagues and exchang(' 
curriculum materials and other 
information via electronic bul- 
letin boards and comi)uter net- 
works. The summer program 
marked the first ime that the 
College has integrati'd the pro- 
grams for high school students 
and teachers with that for the 
counselors. A goal of this 
ai)proach is to bring together 
students, teachers, and coun- 



selors from the same schools, 
thereby broadening the partici- 
pation in both programs and 
enhancing team building. 



School Implementation 
Plans 

At the end of the summer work- 
shop, each of the teams draws 
on its experience to H:>velop a 
plan to be implemenu'O during 
the upcoming school year. Here 
the team approach again proves 
valuable. Kvery implementation 
plan is different. But in most 
cases, they are based partly on 
the workshop format, particular- 
ly in having v/omen and minori- 
ties as giK'st speakers and 
mentors to talk with students 
about their own experiences in 
choosing and succeeding in 
their particular area of science 
or math. Other common ele- 
ments include providing hands- 
(>n science opportunities for 
students and activities designed 
to raise awareness among stu- 
dents, teachers, parents, and 
administrators about gender 
bias in scliool. These activitii-s 
range from developing literature 
to conducting seminars. 

Th(> teams tend to tie their 
plans into the school's existing 
structures — departmental meet 
ings, ass('mblies, Career Day 
events, science classes, counsel- 
ing s('ssions — to inform their 
colleagues and students about 
opl irtunities for women in sci- 
(Mice. Outside activities may 
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induclt* taking field trips, estab- 
lishing support groups for girls 
in science, and evaluating course 
prerequisites to encourage girls 
and underrepresented minori- 
ties in higher-level math and sci- 
ence courses. 

The plans have included a 
number of unique approaches. 
At one high school, the team 
arranged for all 9th-grade science 
students to interview women in 
science careers and publish the 
result'.', in a booklet. The desired 
outcome would be an increased 
level of interest in science in the 
9th-grade girls, which would be 
indicated by whether they take 
science courses in later grades, 
whether tlu'y take achievement 
tests in science and math, and 
whether they apply to college 
with the intention of becoming 
science majors, 

At another high school, the 
team de( ided to have students 
use basic scientific methods of 
inquiry to learn about classroom 
gender issues. Their plan called 
for studc'iits to develoj) hypothe- 
ses and create surveys to 
address such topics as how math 
is used in careers, and student 
IJcrception of the value of math in 
their future studies or career. 
The students would then b(' 
responsible for compiling, analyz- 
ing, and presenting the data. 



Acting on Principals 

Feedback from the w( rkshop 
teams has indicat('d that it often 



requires a special effort to gain 
the support of school administra- 
tors for the proposed activities. 
Consequently, the program 
directors also routinely contact 
school principals and superinten- 
dents to give visibility to what 
the teams are doing and ask for 
their backing. 

,)ohn O'Neill, a biology teacher 
from Bellamy School in Chicopee, 
Massachusetts, said that his prin- 
cipal encouraged him to speak to 
the other teachers in his school 
about his Smith College experi- 
ence. That opportunity led to 
other presentations, which have 
engendered additional involve- 
ment by the teaching staff, includ- 
ing those in other subjects — social 
studies, reading. Knglish. 

Throughout the year. Smith 
faculty and staff members main- 
tain contact with participants 
tl’.rough regular mailings that 
include a variety of substantive 
resource materials such as reU‘- 
vant articles and updates on vari- 
ous activities associated with tlu‘ 
program. During the spring, the 
teams return to the College to 
present and evaluate their plans, 
and a final re|)ort containing all 
the plans is issued. 

I’rior to receiving HUMl fund- 
ing, the Smith College work- 
shops had already resulted in 
|)rograms desigiu'd to recruit 
and retain young women in sci- 
ence and math courses in I.'IO 
New Kngland school districts. 
With the Institute's supixirt. 
Smith has exiranded the focus of 
the irrogram to include more 
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underrepresented minority stu- 
dents and can offer it to more 
school systems across a wider 
geographic area. 

In 1994, the workshop partici- 
pants came from schools that 
serve predominantly low-income, 
underrepresented student popu- 
lations. Teams w ere from Massa- 
chusetts (supported by state 
funds). New York. Pennsylvania, 
and Wisconsin, including middle 
school teams, high school teams, 
junior high teams, and a private 
school team. Since the beginning 
of the program, over 500 teach- 
ers and counselors from nearly 
200 schools have participated, 
with the implementation plans 
n'aching over 22,000 students in 
grades 5 through 12. 



The Student Perspective: 
Smith Summer Science 
Program 

In 1994, funding from the Insti- 
tute supported the participation 
of eight teacher-counselor teams 
in the Current Students/Future 
Scientists and Engineers pro- 
gram. In addition, the Institute 
sui)ported scholarships for high 
school students on thc'se teacher- 
counselor teams to attend the 
Smith Summer Science Program 
(SSSP), a four-week residential 
science camp for girls with 
demonstrated talents and inter- 
ests in science. With the lielj) of 
matching funds from two teams' 
sites, scholarships were extend- 
ed to support 11 high school 
girls. Eight of these students 



were underrepresented minority 
students and all were financially 
disadvantaged. 

While they were on campus 
for the month of July, the stu- 
dents participated in group 
research projects with Smith fac- 
ulty in chemistry, physics, biolo- 
gy. and psychology. Although 
participants are chosen for their 
high academic qualifications, the 
SSSP environment emphasizes 
cooperative learning and discour- 
ages competition. 

Students were immersed in a 
cooperative, hands-on learning 
environment, where they carried 
out a diverse set of activities that 
included building electronic 
musical instruments and lasers, 
exploring and synthesizing 
chemical polymers, conducting 
field studies on social stereo- 
types. and investigating the role 
of biotechnology in world food 
crop production. 

In addition, the students met 
to discuss careers in science with 
women in the fields of biotech- 
nology. health care, applied and 
basic research, and engineering, 
'Hiey also attended workshops on 
college admissions, financial aid. 
and career development, 

'I'eachers and counselors 
joined their students midway 
through the SSSP to celebrate 
their accomplishments, attend 
the students' research presenta- 
tions. and iiartici|)at( in the Cur- 
rent Students/Euture Scientists 
and Ihigineers Workshop. Stu- 
dents, teachers, and counselors 
met with (lail Scordilis, Director 
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of the SSSP, and Casey Clark and 
Jeanne Powell, Co-Directors of 
the Current Students/Future Sci- 
entists and Engineers program, 
to discuss how they could all 
work together in formulating an 
implementation plan for their 
schools. 'Fhe strong support from 
their teachers and counselors 
was evident in the students’ 
enthusiastic responses. 

The addition of the student 
perspective to the Current Stu- 
dents/Future Scientists and 
Engineers program is expected 
to strengthen the program and 
add to its uniqueness. In addi- 
tion. the Institute’s support of the 
linkage of these two outreach 
efforts has significantly 
enhanced the follow-up support 
for students in their own schools. 
This is particularly significant for 
tl'iose underrepresented minority 
students who are perceivi'd to be 



at the greatest risk for dropping 
out of science. 'Hie link with the 
Smith Summer Science Program 
has extended the impact of the 
Current Students program 
beyond New England. 
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The Role of Science Departments in In-Service Education 
University of Colorado at Boulder 



The University of Colorado at Boulder is a public research institu- 
tion. In 1989 the Howard Hughes Medical Institute awarded the 
University $2, ()()(), 000 to (1) provide op|)ortunities to undergraduate 
students, including women, blacks, Hispanics, and Native Americans, 
to participate with faculty scientists in conducting bioscience 
research; (2) establish new and enhance existing introductory and 
advanced laboratory courses focused on such fields as biochemistry, 
neurobiology, physiology, and molecular biology, with exposure to 
state-of-the-art technology in research methodology: (2) procure labo- 
ratory equipment and access to database information for use in 
research and course work: and (4) offer research and educational 
opportunities in the biosciences to precollege faculty and students. 



A Unique Opportunity 

University science departments 
like those of the University of 
Colorado at Boulder are in a 
unique position to provide in-ser- 
vice training to teachers because' 
they can supply the science and 
science-related courses not readi- 
ly available to teachers through 
other avenues. In fact, elemen- 
tary and high school teachers 
who want to upgrade their scien- 
tific knowledge and skills often 
face a void. Although many in- 
service courses in teaching 
methodology exist, few offer 
meaningful scientific content. 
And schools of education, which 
traditionally offer such courses, 
do not usually have professors of 
biology or chemistry. 

‘■'riu' departments are where 
the content is," said Dr. Mark W. 
Dubin, Associate Vice-Chancellor 
for Academic Affairs and HHMl 
program director, ‘‘'fhey have the 
faculty, the peo|)le who know 
what’s happening in their area... 
of science. They are the ijlaces 



where resources exist for devel- 
oping and delivering program- 
matic content." 

The in-serviee component of 
the HHMl program offers one- 
and two-day workshops, (e.g.. 
Forensic Botany, DNA Hh'c- 
trophoresis. Stream Fcology, 
Yeast — Beyond Bread and 
Beer), longer courses over sev- 
eral Saturdays or during the 
summer (e.g.. Practical Botany, 
Topics in Molecular Biology, 
Drugs and the Nervous System, 
Topics in Biotechnology), and 
research opportunities for teach- 
ers each summer. The pro- 
gram’s Science Squad, graduate 
students who help teachers 
introduce hands-on science to 
their students, also plays a major 
role in the in-service effort. 
Undergraduates are also 
involved by assisting at the Bio- 
science Institute and in the 
workshops for teachers. 

The Biosci('nce Institute, also 
sui)ported by tlu' HHMl grant, 
brings about 80 inner-city high 
school students and two scic'iice 
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teachers to the campus on Satur- 
days for a series of bioscience 
workshops. These involve labo- 
ratories. lectures, and a range of 
college-related activities such as 
eating in a dormitory, meeting 
minority University siiideiits, 
and admissions counseling. The 
institute serves secondarily as 
in-service training for the 
accompanying teachers. The 
equipment awards, which fund 
small purchases of equipment 
and supplies for science instruc- 
tion. help teachers implement in 
the classroom what they have 
learned via in-service courses or 
the vScience Squad, 

Other components of the pro- 
gram support master teachers, 
|)rovide undergraduate research 
apprenticeships and opportuni- 
ties. and fund curricular and lab- 
oratory development in the 
departments of biology, chem- 
istry/biochemistry, chemical 
engineering (biotechnology), 
and psychology (neurobiology). 

ITe program has succeeded in 
its teacher outreach effort by 
bridging the supply side — the sci- 
ence departments— and the 
demand side of in-service train- 
ing. The success of that linkage 
.. 'lies from responding to 
teac ler needs, providing continu- 
ity— the program has a five-year 
history of continuous opera- 
tion — and reimbursing faculty 
and teachers for their contribu- 
tions to the process. 

"iSuccess depends upon] sen- 
sitivity to needs, consistency, and 
actually paying the real costs," 



Ur. Dubin said. "If you miss those 
pieces, any of them, [the pro- 
gram] is going to fail." 



A Structure to Support 
Faculty 

Science faculty are generally 
enthusiastic about providing 
enrichment for precollege teach- 
ers, Dr. Dubin said, and it is easy 
to assume that enthusiastic levels 
of participation will follow. Hut 
faculty do not have much time to 
give, and many burn out after 
teaching one course because of 
having to deal with the nonteach- 
ing details of in-service educa- 
tion, Nor do their individual 
departments have the time, 
money, or staff to run in-service 
programs. As a result, a college 
or university has to take on the 
responsibility of providing the 
infrastructure, which might be 
very difficult for a science depart- 
ment to do on its own. 

The HHMI program, operat- 
ed through the vice-chancellor’s 
office, provides an infrastruc- 
ture that leaves science .lepart- 
ments free to concentrate on 
instruction. The program han- 
dles the administration of in-ser- 
vice offerings, investigates what 
kind of courses teachers want, 
prepares course brochures, 
recruits and registers partici- 
pants, and pays faculty to devel- 
op or teach courses. 

"Unless [the faculty! have the 
structuri', it's very difficult for 
them to do [the in-scrvici‘ train- 
ing]," said Julie Uraf. HHMI pro- 
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Josefina Higa, a WVst 
High S('h<K)l teac-hor, 
and Wost High School 
students Josefa Loya 
and Fabiola Catiral 
conduct an experiment 
during the Hughes High 
School Biosciencc 
institute. 




yiram coordinator. “[The pro- 
gram] provides tlie structure and 
legwork, and we’re asking for 
something very specific from 
[the faculty]." The instruction 
workload is further lightened by 
spreading it among many in the 
science departments, including 
undergraduate and graduate stu- 
dents, postdoctoral felk)ws, and 
research associates. 

The grant has made possible 
the creation of a structure that 
makes participation relatively 
easy for faculty. “As concepts 
go, this is not a unique or diffi- 
cult thing to invent. What’s hard 
is to have the financial re- 
sources to pay for the human re- 
sources to deliver a high-quality, 
long-term, consistent program," 
Dr. Dubin said. 

When the HUMl sup|)ort is fin- 
ished, other sources ol funding 
will be sought to ensure that the 
in-service structure provided by 
the program will be a permanent 
bridge between science faculty 
and precollege teachers, he added. 



Sensitivity to Teacher Needs 

While support is essential on 
the faculty side of in-service 
training, trust is crucial on the 
teachers’ side. Teachers know 
well that some programs come 
and go quickly while others do 
not produce results. Often they 
are wary after such experi- 
ences. That is why gaining the 
teachers’ trust is especially 
important. 

Central to building trust has 
been employing staff with a 
background in precollege as 
well as university scienct' educa- 
tion. Ms. Oraf is a certified sci- 
ence teaclier with experience in 
middle and high schools and 
has worked in a university sci- 
ence laboratory. Dr. Louisa 
Stark, the scientist-in-residence 
who works with the HHMI pro- 
gram, gained experience in pre- 
college classrooms as a member 
of the Science S(|uad before 
receiving her Ph.D. 
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To gain the trust of the teach- 
ers they work with, program 
staff must be sensitive to 
teacher needs. This means lis- 
tening carefully, presenting use- 
ful in-service programs, and 
ri'sponding to teacher sugges- 
tions for altering programs or 
starting new ones. In addition, 
staff need to maintain a long- 
term presence, following up on 
questions and problems that 
arise as teachers try their new 
knowledge and skills in the 
classroom. These qualities 
attracted Ruth Baldivia. a sci- 
ence teacher at West High 
School in Denver with a student 
population that is about 80 per- 
cent Hispanic, to tlu“ I'liiversi- 
ty’s in-service courses. 

"The thing that I appreciate 
most about the program at Boul- 
der is Julie’s involvement and her 
ability to listen and take into con- 
sideration what needs to be done. 
I feel like [the staff] listen to the 
teachers and are not just going 
with [their own agenda]." Ms. 
Baldivia said. 

Another form of snisitivity is 
to offer teachers an array of in- 
siTvice options. Ms. Graf said. "If 
you have a menu for them to 
choose from, they can fashion 
what fits bi“st into their schedule 
and what is most bimeficial to 
them, so they’re really utilizing 
their time in ways that they per- 
ceive as valuable, nuw ckwelop a 
certain ownership of what they 
di-cidi' they’d liki' to do." 

Ms. Baldivia has participated 
in all five of the in-service offer- 



ings. She has taken courses in 
ecology and biotechnology, used 
Science Squad members in her 
classes, won equipment awards, 
and participated in the Bio- 
science Institute. She has also 
conducted summer research on 
the molecular genetics of soy- 
bean plants in the laboratory of 
Dr. Kathleen Danna. 

Her experience illustrates still 
another form of sensitivity: 
responding to teacher input. In 
one instance. Ms. Baldivia and 
others suggested that lesson 
assignments for in-service cours- 
es should be more rigorous and 
practical so that teachers could 
translate their experiences to 
the classrooms. Tlu ir recom- 
mendation was that teachers be 
required to develop lesson plans 
based on the courses they 
attended, which is now standard 
practice. 

.Another instance involved the 
Science Squad, whose graduate 
student members visit schools 
every week or so throughout the 
year, bringing hands-on science 
exercises, laboratory modules, 
science expertise, and ideas. 
They help teachers set up and 
modify science activities, and pro- 
vide follow-up service to trou- 
bleshoot problems. 

Ms. Baldivia requesti'd a 
minority Science Squad member 
to siTve as a role model for Iut 
students. During 1998-1994. Sci- 
i-nce Squad member Jorge 
Ortiz-Zagas was assigned to 
work with West High School 
students, mostly those whose 






I’niversity of Colorado at Boulder 107 



Arath Kesendt‘z. Tim 
Maine, Edgar Martinez 
(students at West High 
School), and Tracy 
Henning, a University of 
Colorado al Boulder 
graduate student, 
examine samples during 
the Hughes High School 
Bioscience Institute. 





first language is Spanish. He 
explained how an experiment is 
(lone, helped with their science 
projects, and demonstrated his 
own work. He also took students 
out to do water tests on the 
South Platte River, which runs 
near the school. 

A third instance of sensitivity 
to teacher input — creation of 
the Bioscience Institute — 
began at a post-meeting dinner 
discussion among four science 
teachers and Ms. Graf. Since 
West High School has a high 
dropout rate and lew students 
enter college, in part because 
they are intimidated and do not 
know what the college world is 
like, the teachers saw a need to 
familiarize these students with 
a university environment to 
motivate them toward pursuing 
a higher education. I'he pro- 
gram responded by establish- 
ing the Bioscience Institute, 
which benefits both stud('nts 
and teachers. 



Continuity 

Continuity plays a critical role iti 
building trust for in-service pro- 
grams. Teachers need to know 
that follow-up help is available 
when they try to implement what 
they have learned in an in-service 
course, when they have probletns 
with hands-on science activities, 
and when they need to learti how 
to use new equipment. 

"If you do tiot have consisten- 
cy. you [cannot have] success." 
Dr. Dubin said, "h'rom the teach- 
ers’ side, it’s ahnost the otily part 
that counts." 

'I'he p.'ogram offers several 
forms of follow-up. 'I'he staff 
advise teachers over the phone 
or in person. Science Squad 
members frequently trou- 
bleshoot problems with new sci- 
enc(' modules during periodic 
visits to the schools. And the pro- 
gram provides e(iuiptnent train- 
ing workshops as particular 
needs arise. When several teach- 
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ers reqiieslfd (‘leclrophoresis 
devices as their equipment 
awards, a w(‘ekend workshop 
was organized to train the teacli- 
ers to use them. 

Continuity also helps propa- 
gate the in-service program. As 
one or two teachers come to trust 
and use the program, they draw 
in others until the school’s entire 
science department becomes 
involved, Dr. Dubin said. New 
teachers join the program when 
they arrive, and long-time partici- 
pants take it with them when 
they leave. "Once you have teach- 
ers as members of the program 
and they have some sense of 
ownership, [whenl they switch 
schools, they bring you right in 
to the new school." he said. 
"I'hey call and say. I've moved, 
can you help us over heia- now?" 

The University’s science 
dei)artments play a major role in 
in-service education by provid- 
ing science content the teachers 
cannot get elsewhere. On their 
side of in-service training, teach- 
ers play a leading role in defin- 
ing and refining the offerings. 
The two communities are linked 
by a university-level structure 



that catalyzes the process. 
Together, these entities — sci- 
. ence departments, teachers, and 
the HHMI program — present an 
array of in-service opportunities 
that truly benefit precollege sci- 
ence teachtTs. 

"We have a continuing and 
multifaceted relationship that can 
be taken advantage of in different 
ways," Dr. Dubin said. ’‘'Fhat’s 
part of the genius of it. It has 
more than one piece, and the 
pieces c.re synergistic." 
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The Role of Science Departments in In-Service Education 
University of Wisconsin-Madison 

The University of Wisconsin-Madison is a public research institu- 
tion. In 1989 the Howard Hughes Medical Institute awarded the 
University $1,200, ()()() for a program to include (1) organizing and 
facilitating student research placements and providing students with 
opportunities to present research findings in seminars, journals, and 
other forums: (2) faculty development: (3) curriculum development 
focused on integrating academic programs within the biological sci- 
ences: and (4) outreach initiatives to science teachers from middle 
and high schools throughout Wisconsin. 



Networks for Teacher 
Development 

At the University of Wisconsin- 
Madison, the Biological Sciences 
Division comprises approximate- 
ly 740 faculty members in 68 
academic departments and pro- 
grams. To marshal the substan- 
tial scientifie resourees available 
in the division for precollege 
teacher training, the University’s 
Center for Biology Kdueation 
encourages the involvement of 
research scientists in precollege 
outreach and coordinates their 
activities. According to Dr. Paul 
Williams, Professor of Plant 
Patliology and program director, 
the Institute’s grant has been 
used, in part, to su|)port pro- 
grams that provide Wisconsin 
I)iiblic school teachers access to 
the University’s Biological 
Sciences Division. 

One of the principal ways in 
which the Center supports pre- 
college teachers is by providing 
them with an array of in-service 
education and training iH'ograms, 
The Institute’s grant provides 
sui)port for team projects involv 
ing University scieiuH' faculty 



members and teachers. These 
mini-grants bring together teach- 
ers and research scientists 
(including students) to create 
new educational materials. 

The mini-grants program has 
supported a variety of activities 
that have resulted in products the 
teachers can take back to their 
classrooms for practical use. 'Hie 
Center has produced materials 
for classroom units on genetics, 
covering such topics as genotype, 
phenotype, and epigenetic traits, 
and on cell biology, which has 
provided demonstrations of meio- 
sis using simple materials. 

In another project, Wisconsin 
ek-mentary school teachers have 
worked with University scientists 
in developing a new classroom 
module on genetics. These 
teachers, in turn, have served as 
trainers for other teachers, and 
have conducted regional work- 
shops on integrating the new 
material into classroom teaching. 
Using sea urchin fertilization as 
a model, elementary, middle, and 
high school teachers have taught 
principles of cells, reproduction, 
and growth. In this project — 
W'omb with a View— urchin 



gametes were spawned with mild 
salt solutions, and eggs and 
sperm were collected. The 
events of early fertilization and 
first mitotic division were viewed 
easily under the microscope. 
Additional workshops were held 
to inform other teachers of the 
exercises. 

In other cases, the grants have 
supported efforts for teachers to 
collaborate with one another and 
with University scientists in 
ongoing educational activities. 
For example, in 1991 a mini- 
grant helped Sharon Nelson, a 
science teacher at VVaunakee 
High School in Madison, Wis- 
consin, establish BioNct, a ni't- 
work of educators who share 
teaching expertise, update their 
knowledge of biology, and estab 
lish alliances with university biol- 
ogists and science educators. 

HioNet began as a local net- 
work, bringing together biology 
teachers who lived within .^O 
miles of Madison and putting 
them in contact with University 
of Wisconsin-Madison re- 
searchers. Success at the local 
level led to HioNet’s ex])ansion 
into a statewide network that 
now brings more than .500 
teachers from 12 Wisconsin re- 
gions into contact with local col- 
leges, universities, business(‘s, 
and industry. 

BioNet teachers atti'iid sevm'- 
al meetings a year where they 
hear a presentation by a guest 
speaker (typically a university 
res('arch('r) and a featured cur- 
ricular activity presented by a 



local teacher, anu where they 
share teaching activities and 
ideas. Susan Johnson, who 
teaches biology at Monona 
Grove High School near Madi- 
son and has served as a BioNet 
area director, described several 
of her region’s meetings. 

At a session on prairie ecolo- 
gy', teachers examined the com- 
plex life webs in restored 
prairies on the Aldo Leopold 
Reserve. Seeds of prairie plants 
collected in the reserve were 
grown for use in school prairie 
restoration sites. 

At another meeting, they 
experimented with ice nucleating 
bacteria that promote injurious 
ice crystal formation in plant 
leaves, flowers, and fruits. They 
explored the potential of replac- 
ing ice nucleators with bacteria 
that do not facilitate ice formation 
as a way of protecting plants from 
frt'ezing injury. 

In a workshop on DNA finger- 
printing, teachers used polym- 
erase chain reaction, frequently 
used in forensic identification, to 
sequence and “fingerprint" their 
own DNA. 

The network holds a meeting 
at the t'lid of the year in connec- 
tion with the annual meeting of 
the Wisconsin Society of Science 
Teachers. And BioNet publishes 
an annual "BioNet Booklet" that 
highlights curricular activities 
presented at the regional BioNet 
meetings, 'Hie activities described 
are designed to be don(' easily in 
class with inexpensive and readily 
available materials. 
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of the square, ami rotating the 
positions of the corners. Each 
construction is named as an 
enzyme with its own job. e.g., 
punched-hexagon corner-3-foldase. 
Students work (play) to match 
particular enzymes that demon- 
strate complex product process- 
ing. Most of the other lessons 
require only standard laboratory 
equipment. 

Ms. Johnson, who has won a 
National Biology Teacher of the 
Year award, notes that the net- 
work provides more than informa- 
tion. It helps teachers overcome 
the isolation they may feel as 
teachers, particularly in rural 
areas, and also encourages them 
to try nt'w approaches to teaching 
modern biology to students. 

Another mini-grant helped Dr. 
James lx)rman, Professor of Biol- 
ogy at Madison’s Edgewood Col- 
lege, set up the Heron Network, 
a group of eight teachers, most 
of them elementary school 
teachers, who worked for a 
semester with Dr, Lorman and 
other university researchers. 
The university scientists acted as 
mentors, helping the teachers to 
develop a research and training 
agenda based on the ecosystem 
of a local watershed, 'llie aj’enda 
was then used at the Heron Insti- 
tute, a summer teacher training 
workshop at 1-Tigewood for K-12 
science teachers. 

According to Dr. l.orman, the 
Heron Institute is modeling an 
approach that teachers can use in 
their classrooms with their stu- 
dents. Teachers develop the 
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For example, the 1994 booklet 
includes a lesson on the human 
sense of taste that requires only a 
blindfold, cups, straws, and a soft 
drink. In another, an enzyme sim- 
ulation activity is presented that 
requires little more than paper 
and scissors. 

'I'eachers developed an activity 
that illustrates how "ignorant" 
individual enzymes capable of 
carrying out only a single task 
can participate in a complex 
seciuence of chemical steps. Dif- 
ferent constructions are created 
from paper squares by cutting off 
or folding numbered corners of 
the scjuare, pun' turing the center 
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research question and the 
research agenda, then develop 
procedures that result in rigor- 
ous data. 

During the 1994 Heron Insti- 
tute, teachers completed proj- 
ects on redwing blackbirds in 
local marshes, quantitative sam- 
pling of marsh vegetation, lake 
zooplankton, fish population, 
water quality measurement, and 
a combined project on climatol- 
ogy, hydrology, and soils in the 
local ecosystem. 

“Some teachers have totally 
revised what they do in their 
classroom," says Lorman, 
describing the results of the 
Heron Network. "Rather than use 
textbooks, they’re having stu- 
dents learn science by doing sci- 
ence and asking questions about 
their local environment." 

The Center developed a simi- 
lar project in Wisconsin’s Kick- 
apoo Valley, a 70-mile watershed 
in a depressed rural section that 
has suffered considerable envi- 
ronmental degradation. The 
project provides teachers from 
10 schools in the area with in- 
service training in plant and 
environmental sciences, and 
they develop lesson plans and 
exercises based on their experi- 
ences while working on a real- 
world problem affecting their 
community. 

Teachers are introduced to 
ways of teaching as student- 
based research both in and out of 
the classroom. Using Fast Plants 
as a model organism, students 
throughout the Kickapoo Valley 




experimented with soil nutrition, 
water and atmosphere quality, 
and plant growth and seed pro- 
duction. Students developed their 
own questions and designed their 
own experiments. 

Institute funds also support 
the Center’s Bridging th(> Gap 
program, which brings teachers 
who would like to do more 
hands-on science together with 
univ(Tsity and other professional 
scientists who havi' an interest in 
precollege education. Kach Feb- 
ruary, the Center holds a confer- 
ence in Madison. The 1994 
conference brought some .'iO 
teachers together with 5L! 



BioNet links Wisconsin 
hi^^h school bioloj^’ 
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researchers from the University 
(including faculty, staff, and grad- 
uate students) plus about 20 
researchers from private busi- 
ness and government agencies. 

At the conference, the 
researchers give presentations 
on their work, offering the teach- 
ers the chance to take part in 
hands-on experiments and to dis- 
cuss possible partnerships. This 
year’s 18 topics included ‘Teach- 
ing HIV and Cancer to Children,” 
“Hornworms Hatched on Trans- 
formed Tobacco," and “Prairie 
Restoration for School Sites.” 



Using Fast Plants for 
Genetics Teaching 

Professor Williams, a plan* scien- 
tist, originally developed fast- 
growing plants (rapid cycling 
brassicas) to speed his genetic 
research. He realized that these 
“fast plants” could help K-12 
teachers bring hands-on plant 
science into classrooms by allow- 
ing students to do experiments 
and see change occurring quick- 
ly and often. Williams and others 
at the University set up the 
Wisconsin Fast Plants program, 
a network of teachers who devel- 
op and use instructional materi- 
als based on fast plants. In 
addition, some 1,.‘500 scientists 
worldwide are now doing 
research on fast plants that WFP 
regularly converts into new 
classroom resources. 

High school students in l^n- 
caster, Pennsylvania, investigated 
the mutational effects of extrater- 



restrial radiation in pollen irradia- 
tion experiments on Columbia 
Space Shuttle 22. A group of 6th 
graders in San Bernardino, Cali- 
fornia, and their teacher, Robin 
Bernier, have investigated the 
function of hairs on fast plants by 
using genetic stocks with differ- 
ing numbers of hairs. They have 
discovered that hairs are a deter- 
rent to juvenile stages of the cab- 
bage looper, a serious insect pest. 

Many students across the 
United States are engaged in 
research on the genetics of quan- 
titative traits such as seed yield 
and plant size. F'ast plants are a 
popular organism for indepen- 
dent student science projects. 

F'ast-plant innovations and 
materials are disseminated to 
23,000 teachers by computer 
networks, conferences, training 
workshops, and a regular 
newsletter. Many of these mate- 
rials are used in the Center’s 
mini-grants program, and other 
aspects of in-service teacher 
training. 

Six teachers who went to 
Madison for training in February 
1994 conducted a Fast Plants 
workshop for 30 elementary and 
secondary teachers. That spring, 
the teachers used Fast Plants 
with their students, and on May 
11, CBE held a Fast Plants sci- 
ence fair at North Crawford. Wis- 
consin. involving some 133 
students and their teachers. 

Russell Gilbert, who teaches 
science at North Crawford Ele- 
mentary School and has served 
as a teacher trainer, noted the 
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wide variety of classroom applica- 
tions of the P'ast Plants model. He 
said that the simplicity of the 
materials, combined with the 
importance of the subject matter 
conveyed by the exercises, has 
attracted increasing numbers of 
teachers to the Fast Plants 
methodology. 
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Preparing Tomorrow’s Science Teachers 
Oberlin College 

Oberlin College is a private liberal arts institution in Oberlin, Ohio. 
In 1993 the Howard Hughes Medical Institute awarded the College 
$500,000 in support of (1) laboratory renovations and equipment 
acquisitions to expand and enhance teaching in areas such as general 
introductory biology, chemistry, and neuroscience: (2) summer labo- 
ratory experiences for students, including women and students from 
minority groups underrepresented in the sciences, and opportunities 
for students to discuss research at a colloquium with visiting scien- 
tists and present their results at regional or national conferences: and 
(3) a program to interest biology majors in science teaching by link- 
ing them with College faculty and with local high school teachers in 
developing instructional materials on specific biological topics to be 
presented by the students in high school classrooms. 



How It Started 

Oberlin used its 1988 grant large- 
ly for curriculum development. It 
is using the 1993 grant to inter- 
est undergraduate science stu- 
dents in precollege teaching by 
developing task force teams 
comprising an Oberlin College 
science faculty member, an 
Oberlin College student, and a 
master teacher from the Oberlin 
public school system. The proj- 
ect is directed by Dr. Dennison 
Smith, a professor of neuro- 
science and psychology. 

The proposal for an outreach 
project grew out of Oberlin’s 
desire to offer science students 
opportunities to participate in 
precollege science' leaching, 
something they have had little 
opportunity to do since the col- 
lege dropped its undergraduate 
and graduate education pro- 
grams more than a decade ago. 
Until that lime, Oberlin had been 
graduating up to 200 certified 
students per year. During the' 



1970s, shifts in career interests 
among Oberlin students and 
changes in Ohio’s requirements 
for teacher certification preclud- 
ed continuation of the program. 
But now, according to Dr. Smith, 
the outreach project “fits in nice- 
ly with the renewed student inter- 
est in teaching, and it is also 
consistent with a strong tradition 
of volunteerism at Oberlin." 

Although Oberlin’s school dis- 
trict is fairly small and semi- 
rural — it includes some 1,400 
students in two elementary 
schools, a middle school, and 
high school — its enrollment is 
both racially and economically 
diverse. Thirty to thirty-five per- 
cent of its students are African 
American. Children whose par- 
ents are professors or other pro- 
fessionals share classrooms with 
children who arc' poor and disad- 
vantaged. 

The primary goal of the out- 
reach project is to encourage 
Oberlin students majoring in one 
of the biomedical sciences to 
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pursue science teaching as a 
career by giving them an oppor- 
tunity for experience in a public 
school classroom. Anticipated 
ancillary benefits include 
improved science teaching in the 
local schools, creation of an 
avenue for Oberlin science facul- 
ty to help develop scientists and 
encourage science literacy at the 
precollege level, and develop- 
ment of a solid, cooperative rela- 
tionship between the college and 
the local school system. 



As First Proposed 

Oberlin originally planned to su[> 
port five teacher-initiated class- 
room projects for three years. 
The proposal to the Institute 
called for the teacher, the science 
student, and the faculty member 
to meet during the summer to 
work up each project scheduled 
to be delivered the following 
year. All three participants were 
to receive stipends to compen- 
sate for the time invested in the 
planning stage. 

Once projects were proposed 
by the teachers in consultation 
with Professor Smith and 
deemed fundable, the related 
student positions would be 
announced. Student applicants 
would be chosen by a group of 
Oberlin science faculty based on 
their academic promise, science 
background, and articulated 
interest in teaching. Kach stu- 
dent selected for the program 
would receive one to two hours 
of academic credit for successful 



participation. Creditworthine*ss 
would be determined by the fac- 
ulty member and the supervis- 
ing teacher. 

According to Dr. Smith, the 
first teacher-faculty meetings 
were scheduled to take place in 
March 1994 so that students 
could be notified about opportu- 
nities prior to the April deadline 
for fall preregistration. 



Lessons Learned: Different 
Kinds of Teachers 

Professor Smith reports that 
working with the school system 
the first year required unantici- 
pated patience and flexibility. 
While the overall plan for the 
outreach program remains 
intact, changing circumstances 
have forced some alterations in 
the original plan. “When we first 
planned this project, we thought 
that every teacher would have a 
clear idea of the kind of science 
unit or project they wished to 
implement in their classroom. 
We incorrectly assumed that 
insufficient funds accounted for 
the relative absence of more 
innovative projects in the 
schools. Instead, we found that 
although a large number of 
teachers wanted to upgrade their 
science curriculum, they simply 
did not have the appropriate 
background to do so.” 

“Because Oberlin’s proposal 
was designed primarily to intro- 
duce students to classroom 
teaching, we abandoned the 
requirement that all classroom 
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projects had to be developed de 
novo. Accordingly, we introduced 
teachers to some of the existing 
instructional material recently 
developed by the I^wrence Hall 
of Science at Berkeley (Full 
Option Science System— FOSS, 
Chemical Education for Public 
Understanding Program — 
CEPUP). Probably because such 
programs demand less time from 
teachers, the number of teacher 
applications has increased. 
Moreover, we felt that participat- 
ing Oberlin students could get as 
much out of trouble-shooting one 
of these programs as they would 
from implementing a teacher-cre- 
ated program. In either case, the 
student will help the teacher pre- 
pare material for presentation 
and assist in its delivery to the 
students. 

Six teachers of grades 1-8 will 
be funded in the coming year. "All 
they would need would be funds 
and input from, say, an under- 
graduate biology major," says Dr. 
Smith, “but we found that not all 
teachers are on the same level. 
There are a lot of teachers who 
would really like to put some 
interesting science things in their 
classrooms, but who often don’t 
know what the best things would 
bc' and in some cases feel a little 
overwhelmed by coming up with 
an idea on theii' own." 

Oberlin realized that such 
teachers would get mori' benefit 
from using innovative* science 
programs and curricula that had 
already been prepared and tested 
in other classrooms. "We gath- 



ered up a bunch of hands-on pro- 
grams that different institutions 
had put together — the state of 
New York, the state of Ohio, and 
a number from the Uwrence Liv- 
ermore Labs.” Three of the five 
schoolteachers involved in the 
outreach program preferred to 
use such prepared materials. 

Two of the teachers did pro- 
pose their own projects. One of 
them teaches in an open class- 
room environment and is very 
interested in developing a series 
of projects that combine arts and 
sciences. One of the projects this 
teacher chose integrates a dis- 
cussion of the nature and proper- 
ties of light with a discussion of 
the way artists use light. The 
other teacher is very interested 
in astronomy and hopes to use a 
kind of inflatable pbinetarium in 
her class that will illu strate differ- 
ent astronomical phenomena. 

The differences in the teach- 
ers’ approach led to some 
changes of procedure in the out- 
reach project. Because they were 
not developing a brand new 
project, the three teachers who 
selected prepackaged programs 
did not need to have prolonged 
conversations with an Oberlin 
science faculty member. 

"It was mostly a matter of just 
looking at the existing pro- 
grams, making a plan for impk*- 
menting one of them, then 
coming back and reviewing the 
plan," Dr. Smith says. This also 
meant there was h'ss need to 
spend the Institute funds on 
stipends for the teacher and fac- 
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ulty member. As a result. Ober- 
lin is considering; diverting some 
of that money to paying for tlie 
prepackaged programs. 

The differences among the 
teachers will also mean that the 
Oberlin students will have some- 
what different roles in different 
classrooms. The two teachers 
who have developed projects of 
their own have a great deal of 
creative energy, but a limited sci- 
ence background. The student’s 
role will be to help the teachers 
who use a prepackaged program 
to implement and expand it in the 
classroom. “1 would hope the stu- 
dent will say. ‘This is the way the 
packaged program does this, but 
we could try this and that 
instead.’" says Dr. Smith. 

Lessons Learned: 
Communicating with 
Teachers 

Changing circumstances led to 
another shift, as well. "We’re 
admittedly about three months 
behind our original schedule." 
says Dr. Smith. The delay offers 
a lesson for other colleges plan- 
ning to work with a local school 
district. 

In IPP.'l Professor Smith had 
discussed the outreach project 
with the superintendent of Ober- 
lin’s schools, who was so enthusi- 
astic lu“ went to each of his 
schools and secured preliminary 
l)romises from teachers to jtartic- 
ipate. But the superintendent left 
the district in December lS)9:i. It 



took the new superintendent time 
to familiarize himself with the 
program, and even longer for his 
office to announce the program 
to teachers. When the program 
was finally made known to the 
districts in late March and early 
April, almost no one signed up. 
according to Dr. .Smith. 

When Dr. Smith talked to 
teachers, he discovered that they 
felt they had not been given 
enough prior notice about the 
outreach program, and they had 
not been clearly informed about 
what participation involved. By 
the time this problem became 
apparent, it was too late to start 
the recruitment process for 
Oberlin students in May. "If 1 
learned one thing." Dr. Smith 
says, “it was. don’t let the admin- 
istrators do the communication 
with the teachers. Go over there 
and do it yourself." 

Because of the delay, the meet- 
ings betwe(m Obeidin faculty and 
the sch ol teachers took place in 
late ,lune. and the stiuhnits were 
not told about the opportunity 
until they returned to corni)lete 
registration in Sept(*mber. Five 
were then chosen to take part in 
the |)rogram. 



Oberlin Students in thc 
Classroom 

rhe exact role eacli Oberlin stu- 
dent will play in the classroom 
will have to be negotiated 
bOwec'ii the teacluT and the stu- 
dent. Dr. Smith says. "My ('X|)eri- 
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ence with teachers is that some 
want almost entire control of 
what this person is going to be 
doing, while others are more 
relaxed,” he adds. In general, the 
Oberlin students will not function 
as student teachers, taking over 
an entire class or an entire sub- 
ject for the teacher. “But we’ve 
ensured that the Oberlin stu- 
dents will be in on the implemen- 
tation of the science teaching,” 
he says. In particular, the Oberlin 
students will help with the hands- 
on science activities that will be a 
part of the projects in all five of 
the classrooms. 

Oberlin science faculty mem- 
bers will meet regularly with the 
science majors, once they are in 
the precollege classroom, to dis- 
cuss problems, challenges, and 
ways to improve the student’s 
contribution to the science activi- 
ty in the classroom. 

Dr. Smith also emphasizes 
that the last thing the outreach 
program wants to convey is that 
“we’re going in as experts telling 
these teachers how to teach.” 
'Fhe program will stress “mutual 
respect." 

“The teachers are profession- 
als who know what they are 
doing in their domain," he says. 
“We’re trying to find out what 
they need and want. We can be 
resources, offering them some of 
the science they may not have." 



The Future 

If the outreach project proves 
successful, Oberlin hopes to 
continue a working relationship, 
with the school system using its 
own resources after the Institute 
grant expires. “Once the project 
is up and running, the kinds of 
things we’re doing do not really 
require a huge amount of 
money. The costs would be such 
that we could continue the proj- 
ect on our own. Our intent is to 
establish a long-term connection 
with the school system and over 
the years continue to encourage 
good science students to think 
about teaching ’■ 



Program Director 

David H. Benzine, I’li I). 

Kobert S. Danforth I’rnfcssorufBiolut^ 
Department of Biolnf;^' 

Kettering Hall of Scienve 
Oberlin College 
Oberlin, OH 44074 
77rvH4(il or 8120 
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Institutional Profile 

Total enrollment 2.725 

Cmlergraduate enrollment 2.700 

Number of faculty members 205 

Kudowment (millions) t^2S0 

;\mnial budget (millions) i?70 
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Preparing Tomorrow’s Science Teachers 
State University of New York at Binghamton 



T„e State University of New York at Binghamton is a public doctor- 
ate-granting institution. In 1992 the Howard Hughes Medical Institute 
awarded Binghamton $1,500,000 to support (1) activities to attract and 
retain students in the sciences, including underrepresented minority 
students, to include work in laboratories of biology, chemistry, and 
physics faculty during the summer and academic year; (2) revision of 
introductory courses to emphasize collaborative research among 
teams of students working on scientific problems; (3) acquisition of 
new laboratory equipment and faculty development to implement the 
curriculum enhancements: and (4) research experiences in University 
biology, chemistry, and physics laboratories for high school students 
from New York City and summer workshops in modern biology for 
teachers from New York State junior high and high schools. 



The Teaching Scholars 
Program 

In 1992, with HHMl support, the 
faculty of the Department of 
Biological Sciences at the State 
University of New York at 
Binghamton established a 
Teaching Scholars Program for 
upper-level undergraduates. For 
six weeks in the summer, 6-12 
students, most of them seniors, 
receive a stipend for participation 
in an intensive laboratory exer- 
cise run-through and receive 
other training as well. During the 
academic year, they help to 
instruct first- ami second-year 
students. The undergraduate 
teaching scholars work with 
graduate teaching assistants and 
help guide the lower-division stu- 
dents through a series of new 
res(‘archlike modules that are 
l>art of their introductory labora- 
tory classes in biology. 

Th(’ teaching scholars greatly 
benefit from this opportunity to 
impart practical lessons in biolo- 



gy to lower-division students and 
provide them with guidance by 
trouble-shooting for this chal- 
lenging series of research-orient- 
ed laboratory exercises, said Dr. 
Anna Tan-Wilson, Professor, 
Department of Biological Sci- 
ences, and HHMl program direc- 
tor. In addition, the teaching 
scholars say that these laborato- 
ry teaching experiences serve to 
reinforce their own knowledge 
and understanding of experimen- 
tal biology. They often need to 
review the subject during the 
course of the year, and thus they 
learn it in greater depth than 
when they took the same course 
a year or so earlier. 



Program Goals 

The Teaching Scholars Program 
is neither a substitute for formal 
training in educational skills, 
nor is it intended to turn biology 
majors away from a career track 
in research or medicine. 
Howev('r. it does give partici- 
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As part of the Teaching 
Scholars Program. 
Samuel Washington 
(left) and Lincoln Cox 
(seated) discuss the 
results of an 
electrophoresis gel run 
by Pierre Frederique 
(right) for use in an 
introductory biology 
course. This program 
helps stimulate student 
interest in teaching 
careers by providing 
opportunities for 
science teaching and 
materials development. 




pants a real taste for what teaeh- 
in>f is like, and several of them 
plan to pursue teaehinj^ careers 
or make teaching an important 
part of their future activities. 

"The teachinj^ scholars really 
yet below the surface and build 
their jownl self-confidence. They 
also tend to choose more difficult 
electives in bioloj^y as a result." 
Dr. I’an-Wilson noted, "After 
teaching the laboratory course, 
they really feel like they own the 
subject material. Some of them 
also do research projects at the 
same time or durinji the follow- 
inf' year as seniors." 



For example. Ixah Mechanic, 
a teaching scholar during the 
1993-1994 academic year, also 
participated in the Research 
Scholars Program, which gives 
students the opportunity to work 
on a research project. Ms. 
Mechanic's work centered on the 
activity of phenoloxidase in the 
Verson gland of the tobacco 
hornbeam. The enzynu' is 
involved in various insect 
l)rocesses such as melani/ation 
and wound repair. After working 
out optimal conditions for gel 
electrophoresis of the enzyme, 
she discovered that the gland 
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produced a form of the enzyme 
that differed from the forms pro- 
duced in other tissues. TTie form 
appeared after pupal commitment 
and during pupal molting, find- 
ings consistent with the idea that 
the gene for this unique form of 
the enzyme is regulated by the 
hormone ecdysone. 

“And there is another benefit 
for their younger peers who are 
taking these biology laboratory 
courses," Dr. Tan-Wilson added. 
“The first- and second-year stu- 
dents see different minority 
teaching scholars, which 
impresses the younger students 
and helps raise their morale in 
general." 



Students Helping Students 

“1 was not only helping my stu- 
dents as a teaching assistant in 
their biology lab class, I was also 
helping them as a peer pre-med 
adviser," said former teaching 
scholar Joanne Holder, an African 
American who served as a role 
model for other minority women. 
“The students saw in me some- 
one who had successfully com- 
pleted th(' college pre-med grind 
and who would be attending the 
University of Pennsylvania 
Medical School. For me this was 
a unique opportunity to give 
something back to the students. 
I'his program also allows you to 
develop two important skills — 
helping individuals and interact- 
ing with others." 

The Teaching Scholars Pro- 
gram arose in part out of necessi- 



ty. Faculty members in biology 
had been gradually improving 
the modules for the undergradu- 
ate laboratory courses in biology, 
making them more challenging 
for both the students and the 
graduate teaching assistants, 
who are in charge of the mod- 
ules. Not only were the experi- 
ments modernized, they also 
were redesigned to more closely 
resemble research situations 
rather than c.ookbook exercises. 

For instance, in one exercise, 
students learn how to extract 
DNA from bacterial cells and 
subject the macromolecules to 
restriction enzyme digestion and 
subsequent elect rophore tit- 
analysis on gels. However, 
instead of following a fully 
planned set of analytic steps on 
preselected samples, students 
are asked first to transform bac- 
terial cells with DNA containing a 
gene encoding antibiotic resis- 
tance and then to analyze the 
DNA differences between the ini- 
tial bacterial sample and the 
antibiotic-resistant bacterial 
strains that the students have 
produced. 

When first- and second-year 
students conduct such experi- 
ments, they frequently need both 
technical help and sophisticated 
answers to their questions in 
order to fully understand what 
they are doing, and the teaching 
scholars play important roles in 
meeting both needs. 

The introductory laboratory 
classes w(*re revised so that 
students got a sense of excite- 
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Tfaching Scholars Anna 
Chan and Ann Kim (loft 
to right) test a 
procedure lor the 
transformation of 
bacteria, an adaptation 
of a Cold Spring Harbor 
Laboratory course. DNA 
Science, for the 
Sl'NY-Binghamton 
introductory biology 
laboratory . 




nu’iit from discovery and a 
sense of accomplishment from 
planning and carrying out 
short investigative segments on 
their own, Moreover, in adjust- 
ing the procedures and condi- 
tions to be followed in those 
exercises, the teaching schol- 
ars come to understand them 
very thoroughly. 

They prejiare for this teaching 
challtMige by working in the labo- 
ratory for six weeks during their 
sumnu'r training. They run 
through the laboratory course 
modules and fine-tune them 
under the guidance of Professor 
llerbt'rt I’osncr, director of the 
Biology Department's Under- 
graduate Program. 



During the summer of 1994, 
teaching scholar f'arzana Kapa- 
dia modified an experiment on 
light-induced proton gradients in 
chloroplasts. She developed 
methods for isolating chloro- 
plasts with only one centrifuga- 
tion step instead of two. Ms. 
Kapadia then determined the 
appropriate ratio between con- 
centration of chloroplasts and 
concentrations of the artificial 
electron acceptor PMS for 
obtaining maximum ])H change 
without damage to the chloro- 
plasts, As a result of her work, 
studc'iits in the introductory biol- 
ogy laboratory can now success- 
fully complete this experiment in 
a three-hour period. 
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Other members of the biolog>' 
faculty who are directly involved 
in teaching the introductory lab- 
oratory course agree that the 
participation of the teaching 
scholars has been an asset. 
Noted Dr. Julian Shepherd, who 
taught this course in the spring 
1994 semester. "The student 
scholars had such a thorough 
grounding in their understand- 
ing and experience with the 
experiments that their presence 
in the clas room was of tremen- 
dous importance." 



Voices of Experience 

"Being a teaching scholar 
allowed me to work in a class- 
room setting and gave me the 
opportunity to explore teaching 
as a possible career path." says 
Kirn Marie Bieber. a 1993-1994 
teaching scholar. "1 am thinking 
of getting my teaching certifica- 
tion in graduate school.” 

Robert Schwartz, who was a 
teaching scholar in 1992, plans to 
join Teach for America, a pro- 
gram that typically places college 
graduates in inner-city or rural 
high schools, where they have 
first-hand exposure to sonu> of 



the problems now facing public 
school educators throughout the 
United States. 

"I have decided to pursue a 
career in teaching because 1 
enjoy working with young people 
and feel education is an ongoing 
learning process for teachers." 
says Karen Blodgett, another 
1992 teaching scholar, who is 
working toward a master’s 
degree in science education. "1 
think the Teaching Scholars Pro- 
gram really prepares students to 
teach a laboratory by [giving 
them] hands-on experiences." 

Program Director 

Anna Tan-Wilson. !*h.l), 

1'rofi‘ssor 

Department of Biological Sciences 
State Iniversity of New York at Binghamton 
Binj»hamton. NY 
((>07) nl 'im 
(t)07) 777-lir)L»I (fiix) 
.v\\,\r\.sC«'»iN(;vv\\.rc.mviii\MT( ►s.koi 
(Internet) 
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The University of Nebraska-Lincoln is a public research institution. 
In 1992 the Howard Hughes Medical Institute awarded (he University 
$1,000,000 to support (1) a program to enhance the recruitment and 
training of elementary and secondary school teachers in the sciences, 
with new courses in contemporary biology developed jointly by the 
School of Biological Sciences and the Teachers College, in-service 
minicourses in scientific fields, and other activities; and (2) involve- 
ment of undergraduates, including women and underrepresented 
minority students, in research early in their academic careers through 
new research-oriented courses, laboratory facilities, and equipment. 



New Courses for Future 
Educators 

The focus of the HHMl program 
in the biological sciences at the 
University of Nebraska-Lincoln 
has been the development of 
Biology 29.'). a biology class for 
elementary education majors. 
The course was developed dur- 
ing the 1992-1993 school year 
and imi)lement(*d in the 
1993-1994 school year. This 
hands-on course was team 
taught by .lim bmdon. a former 
high school teacher from 
Seward. Nebraska, and associate 
director of HHMl-supported pre- 
college programs at the 
University, by Kathy Jacobitz. a 
7th-12th-grade science teacher 
at Henderson Community 
School, and by Dave Crowther, 
an instructor in Teachers 
College and former elementary 
school teacher in Utah. Dr. Lric 
Davies. Professor. School ol 
Biological Sciences, and HHMl 
program director, has had enthu- 
siastic feedback from the stu- 
dents. One called it the "best 
course ever for future teachers." 



A middle-school genetics 
project. “Why Do You Have Your 
Grandmother’s Nose?", devel- 
oped by Nebraska teachers Sue 
Koba and Frank Tworck. was 
modified for Bio 29.'). The project 
explores many issues of human 
diversity through hands-on activi- 
ties. laboratory experiments, cre- 
ative writing projects, and 
discussions. 

Margaret Sievers. Chief 
Adviser for the Teachers Col- 
lege at the University, discov- 
ered an unusual attribute 
among students who wanted to 
enroll in Bio 29.'). The majority 
of them stated that they "hated 
science." After completing tlie 
four-month tiaining program. 
9f) percent had completely 
changed their altitude and. for 
the first time, were enjoying 
learning science. 

One of the Bio 295 students 
commented. "Doing science !s 
better than memorizing sci- 
ence.” Another wrote, "This 
class has given me the opportu- 
nity to concentrate on the mean- 
ing of science and. at the same 
time, learn ways to teach it to 
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my students that will spark their 
knowledge and interest.’’ 

Dr. L. James Walter, Chair of 
the Center for Curriculum and 
Instruction for Elementary/Sec- 
ondary Education, stated. “If we 
could get courses in physics, 
chemistry, and earth sciences 
that have foci similar to that 
found in Biology 29.5. we would 
produce a generation of elemen- 
tary education teachers who 
have a great impact on elemen- 
tary education in a short time.” 
Coordinating the programs 
initiated by HHMI funding has 
been a challenging task for Dr. 
Davies. Although the focus has 
been on the development of 
new curricular and training 
methods in the biological sci- 
ences. other departments have 
benefited from this work also. 
Dr. A. F. Starace. Chairman of 
the Physics Department, and 
Dr. Paul Kelter. an associate 
professor in the Chemistry 
Department and Co-PI of Oper- 
ation Chemistry, are actively 
encouraging the development 
of hands-on science education 
in their respective fields. 

Mr. Crowther’s doctoral dis- 
sertation will involve a long- 
term project to assess the 
success of courses such as Bio 
29,5 and other methods for 
teaching hands-on science. He 
is developing a tracking system 
that will help evaluate these 
programs as students graduate 
and move on to their iiuiividu.tl 
teaching assignments. 



Technology in the Classroom 

A major innovation at the Uni- 
versity is the total refurbishing 
of the Henzlik Hall Multimedia 
Auditorium, funded both by the 
Institute and the University. The 
auditorium contains state-of-the- 
art technology, including Macin- 
tosh and PC computers, an 
image-scanning device, a variety 
of software packages, laser 
disks, VCRs, tape players, a pro- 
jection television, a modern 
audio system, and a trinocular 
microscope with large screen 
projection, as well as more tradi- 
tional science laboratory equip- 
ment. It is used for teaching 
large classes such as Introducto- 
ry Biology. Zoology, Anatomy 
and Physiology, and Genetics. 



Physics for Biologists Lab 

IJie Physics for Biologists labora- 
tory course has been totally 
redesigned using Institute fund- 
ing. The laboratory was intro- 
duced to teachers and students 
through multimedia tutorials. 
Participants commented that 
"tutorials were helpful in learning 
the material” and "the last'r disk 
with the computer was the part 
that made it very pertinent to 
what we were learning.” 

In fact, this is exactly vvhat is 
being done at the University by 
Dr. Robert G. Fuller, a physics 
proh'ssor and recipient of tlu* 
Robt'rt A. Millikan Medal (who 
is also working with Dr. Davies’s 
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Students examine a cray- 
fish in the University of 
Nebraska-Lincoln's 
Biology 295, a hands-on, 
laboratory-based biology 
class for elementary edu- 
cation majors. 




group to develop a course in 
hands-on physics for elementary 
education majors). The Physics 
for Biologists lab includes multi- 
media- and microcomputer- 
based laboratory experiments. 
In the process of developing 
materials for this laboratory, 
K-12 curriculum materials are 
also being produced. These 
materials will also be used to 
train teachers in elementary sci- 
ence education courses. 

Vicky Plano Clark (laboratory 
manager) and Christopher 
Moore (research associate), both 
in the Department of Physics and 
Astronomy, stated that today's 
students respond positively to 
courses with a video component, 
They have also developed a work- 
shop entitled "New Trends in 
Physics Teaching." which incor- 
porates advanced technology in 
teaching a hands-on approach to 
training elementary- through col- 
lege-level physics students. 



Outreach to Educators 

In 1994, University faculty mem- 
bers presented a number of work- 
shops throughout the United 
States. These workshops were 
based on their experiences in fus- 
ing physics and biology teaching 
‘echniques that incorporate multi- 
media and hands-on laboratory 
instruction. Workshops devel- 
oped through HHMI funding 
include “Using Digital Images to 
.Assess Student Performance" 
and “Using Multimedia Labs to 
Teach Optical Concepts to Col- 
lege Students." 

Dr. Davies believes that the 
Institute can play a central role in 
the development of unique col- 
laborations among educators. 
Several of the faculty members 
traveled to Pittsburgh for tlu‘ 
American Association of Higher 
Kducation meetings, where they 
shared information on their 
school collaboration experiences. 




Preparing Tomorrow’s Science Teachers 




s . « 



Many of these programs have 
been widely disseminated. There 
has been some press coverage of 
the videotaped programs that 
have been produced. A program 
sold at a Cornhusker football 
game during the fall semester 
featured an article about the 
HHMI course. 



Activities for Precollege 
Educators 

Exciting activities for K~12 edu- 
cators have been developed at 
the University with HHMI fund- 
ing. vSeminars, summer work- 
shops, collaborative projects with 
the Teachers College, and out- 
door nature projects at sites 
throughout the state are some of 
the new developments in collabo- 
rative hands-on science educa- 
tion for teachers. With funding 
from the Institute and several 
other sources, a K-12 summer 
program has been developed to 
retrain educators. This program 
is coordinated by Mr. I>andon. 

Two other exciting projects 
are headed by Ms. Jacobitz, who 
won the Christa McAuliffe award 
for innovative science teaching. 
One, a National Wetlands unit, 
was developed by Ms, Jacobitz, 
Mr. Umdon, and Sharon Bishop, 
a local teacher. This unit allowed 
teachers and students in 2 \\ 
sch(,')i:^ in l(i states to investigate 
the health and diversity of wet- 
lands across the United States. 
The exiierimental design and 



data analysis were shared via 
telecommunications nationwide 
and with the national EPA officer 
in Washington, D.C. 

The second unit, the Radon 
project, involved the University's 
Department of Biochemistry and 
Teachers College, the Nebraska 
Department of Health, and many 
Nebraska schools. A question- 
naire about radon was developed 
by students, radon levels were 
measured in over 2,000 locations, 
and students communicated their 
results through Internet. 

These projects involved active 
research and learning by Nebras- 
ka high school students ,'ind are 
connected to the goals of Project 
2061 and the Nebraska Frame- 
works, a document reviewing 
teacher training and certification 
throughout the state. 
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Arizona State University 



/Arizona State University is a public research institution in Teinpe, 
Arizona. In 1992 the Howard Hughes Medical Institute awarded the 
University $1,500,000 to support (1) a program to attract and retain 
students in the sciences, including women and underrepresented 
minorih 'S, through revision of the core biology curriculum to empha- 
size student experimentation and discovery, with development of new 
instructional materials and scientific equipment: (2) faculty develop- 
ment to implement the new curriculum, with participation of commu- 
nity college faculty and high school teachers in the curricular 
revision: and (3) enhanced undergraduate research during the sum- 
mer and academic year, with introductory seminars on research con- 
cepts and techniques, travel to scientific meetings, and colloquia to 
present research. 



A Working Relationship 

During the summer of 1994, 
Arizona State University spon- 
sored a monthlong intensive 
summer workshop for Maricopa 
County Community College 
District faculty. This was one of 
a series of Teaching Strategies 
Workshops designed to aid life 
sciences faculty to undertake 
reforms in the biology curricu- 
lum by stressing critical inquiry 
rather than rote memorization. 
For the first time, the workshop 
was directed to faculty who 
teach introductory biology at 
ASU and local community col- 
leges, Ten of the 14 participants 
whose stipends were supported 
by tlu' HHMl grant were from 
coiniiuinity colleges. The others 
were Arizona State University 
I’aculty who also teach introduc- 
tory biology. 

Almost 40 percent of each 
Arizona State graduating class 
are former comimiiiity college 
students, who usually transfer 



after their sophomore year. To 
ensure that these students have 
experiences comparable to their 
University counterparts and 
receive transfer credits, Arizona 
State University and the Marico- 
pa County Community College 
District have formal agree- 
ments in place to teach similar 
material in the two-semester 
introductory courses required 
of biology majors. To under- 
score the similarity, the intro- 
ductory sequences at the 
University and neighboring com- 
munity colleges have the same 
course titles and numbers. Rec- 
ognizing this strong interdepen- 
dence, Dr. James Collins, 
Chairman of Zoology and HHMI 
program din dor at Arizona Stale 
University, observed, “It is 
incumbent upon us to incorix)- 
rate community college faculty 
members in our attempts at 
n'forming our core curriculum." 

With 4(),()()0 students, Arizona 
State University is situated in the 
Phoenix metropolitan area. 
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During the 1994 
Teaching Strategies 
Workshop at Arizona 
State Universit>\ Dr. 
Karen Conzelman, 
Glendale Community 
College, participates in a 
laboratory exercise 
designed to foster criti- 
cal inquio. 



which includes significant num- 
bers of Hispanic, Native Ameri- 
can, and black students. Since 
introductory courses in life sci- 
ences often have hundreds of stu- 
dents, the 10 community college 
faculty taking the Teaching 
Strategies Workshop may reach 
over 1,000 students each year. 

Word of mouth from last year's 
participants was so intluential 
that very little outreach was 
needed beyond a formal letter 
from the University to all the 
chairmen of biology or life sci- 
ences in the Maricopa County 
Community College District. The 
University was able to accommo- 
date all 10 faculty, including 2 
department chairs, who applied 
from 9 of the 14 community col- 
leges, “We were especially eag(T 
to have the department chairs 
participate because their leader- 
ship would help set the tone at 



their community colleges,” said 
Dr. Steven Kissing, Professor of 
Zoology, who managed the 
recruitment process and took the 
course in the summer of 1994. 



Teaching Strategies 
Workshop 

The Teaching Strategies Work- 
shop is guided by the philosophy 
that science should be taught the 
way it is done. Its practical goal is 
to have the participants develop 
laboratory exercises that they can 
use to complement introductory 
lectures. Instruction in the work- 
shop is aimed at helping faculty 
take advantage of the learning 
cycle method of teaching, a 
method that fost(>rs critical think- 
ing as students gather data in a 
(k'sciiptive fashion or embark on a 
controlled way of testing hypothe- 
ses. True to its philosophy, the 
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Dr. Anton Lawson 
(kneeling) listens as Dr. 
Wilma Patterson (left), 
South Mountain College, 
and Anita Herl-Peterson, 
Phoenix College, review 
hypotheses to explain 
the burning candle 
experiment during the 
1994 Teaching Strategies 
Workshop. Also shown in 
the photograph (back- 
ground, left to right) are 
John Weser, Mesa 
Community College, 
Clarice Weide, Gateway 
Community College, Dr. 
Linda Wegener, I.ife 
Science Chair, Mesa 
Community College, and 
Terry Ponder, Paradise 
Valley Community 
College. 




workshop is guided by the learn- 
ing cycle to inculcate scientific 
concepts and thinking skills. 

Tlie first day of the workshop 
captures the theme that science 
should be taught the way it is 
done. With 10 simple materials, 
the workshop instructor stimu- 
lates curiosity by presenting a 
burning candle, held upright in a 
small piece of clay, in a pan of 
water. Soon after the burning 
candle is covered with a cylir t 
that is open at the bottom and 
closed at the top, the flame dis- 
appears and water rushes into 
the cylinder. 

Hy refraining from explaining 
the physical laws governing 
these observations, the instruc- 
tor encourages the participants 
to develop hypotheses to explain 
what happened: Why did the 
water rise? Why did it rise after 
the flame went out? And instead 
of immediately responding, the 
instructor has the participants 



develop testable means of con- 
firming or discarding their 
hypotheses. 

The participants’ struggle to 
understand physical principles is 
an important ingredient of the 
learning cycle. In the candle 
burning experiment, the most 
common explanations offered by 
the participants are incorrect. 
Contrary to intuition, a vacuum 
does not “suck in” water from 
the outside. 

Only through testing various 
hypotheses can participants 
acquire a first-hand understand- 
ing of combustion and air pres- 
sure and learn that the water 
rise is due to expansion and con- 
traction of heated and cooled 
air. hist year, one faculty mem- 
ber wrote in It r evaluation. "I 
finally understand why some of 
my students ‘just don’t get it’ 
and why certain concepts seem 
almost impossible for certain 
students to learn.” 
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The challenge of the first day’s 
exercise is followed by an expla- 
nation of the workshop’s back- 
drop — the use of the learning 
cycle to teach scientific concepts 
and thinking skills. In the ensu- 
ing weeks the participants work 
in teams to develop new labora- 
tory exercises for use in their 
introductory courses. Upon 
completion of the new exercises, 
the teams present their ideas to 
the other participants, who are 
encouraged to provide feedback. 
According to Dr. Anton I^wson. 
Professor of Zoology and work- 
shop instructor. "The feedback 
component of the workshop is 
essential in helping each group 
refine its laboratory exercise, and 
it promotes greater creativity." 

Through feedback from fellow 
participants in the summer of 
1993. Dr. W. Dennis Clark, an 
associate professor in the Univer- 
sity’s Department of Botany, 
began to revamp the entire labo- 
ratory component of his introduc- 
tory course for nonmajors. He 
transformed each laboratory 
exercise into an exploration incor- 
porating the learning cycle. “I set 
the tone for each lab by convert- 
ing the title of the exercise into a 
question, such as How are plants 
classified? and \Miy do plant char- 
acteristics vary?" he said. 

W’hile a lew students were 
unable to use the learning cycle 



to their advantage, he found that 
most students responded very 
favorably to the new approach. 
Dr. Clark hopes that his innova- 
tions will be adapted by commu- 
nity college faculty who teach the 
same introductory course. 

John Weser teaches biology at 
Mesa Community College. He 
received credit toward his doctor- 
ate by participating in the 1994 
summer workshop. Nearby Mesa 
Community College, which 
serves 30.000 students, is a chief 
source of students to the Univer- 
sity. Mr. Weser began the work- 
shop with the hope that he could 
“apply right away what 1 learn 
and encourage other faculty to do 
so. ...I want to develop labs where 
students are learning from each 
other instead of being talked at." 
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Programs for Community College Faculty and Students 
City University of New York City College 



C/ity College of the City University of New York is a public compre- 
hensive university. In 1993 the Institute awarded City College an 
additional $650,000 in support of (1) programs of student research 
and broadening access for students that include the following activi- 
ties: freshman research preparation and participation, upper-division 
research, and various activities to broaden student access to the sci- 
ences; (2) outreach programs, particularly for women and underrep- 
resented minorities, to include such activities as research 
experiences, counseling, and science career information for high 
school students, summer research or academic preparation for pre- 
freshmen, and a summer transfer program for community college 
students; and (3) laboratory instrumentation for cell and molecular 
biolog>' courses and biology and chemistry modules. 



Easing the Transition 

A major effort is being made to 
help ease the transition of trans- 
fer students from two-year com- 
munity colleges into the City 
College program. Dr. Joseph 
Griswold of the Department of 
Biology directs the summer sci- 
ence course for transfer students. 
The objective of the course is to 
make the transition from commu- 
nity colleges to senior college 
easier and more successful for 
students who have declared their 
intention to pursue a major in 
biology or chemistry. 

Specifically, the summer 
course helps students with their 
social adjustment to the college 
environment, and their academic 
adjustment to rigorous intermedi- 
ate-level courses in biology and 
chemistry. To accomplish these 
objectives, students broaden and 
enrich their backgrounds in the 
content areas and improve their 
science learning skills. 'I'hey 
have opportunities to learn about 



the college campus and other stu- 
dent services available to them, 
and to interact informally with 
one another, with upperclassmen 
in their majors, and with faculty 
mentors. In addition, students 
complete their fall advisement 
and registration by the end of the 
course. 

Recruiting transfer students 
was a joint effort by City College 
and community college faculty 
and counselors, coordinated by 
Dr. Robert Goode. One commu- 
nity college professor uses a col- 
lege database to identify 
candidates, and Dr. Goode and 
Dr. Griswold visit the community 
colleges and are in frequent 
phone contact with counselors at 
those locations. 

Fourteen students from four 
community colleges participated 
in the Hughes Transfer Cours('. 
held for three weeks in June 
1994. Of these, 12 were minority 
students and S were women, of 
whom 7 w('re minorities. Stu- 
dents attended lectures, conducl- 
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Community college stu- 
dents learning computer 
analysis techniques in 
the Summer Transfer 
Program. Standing left 
to right, Dr. Henry 
Hermo, Bronx 
Community College, 
Chris Thompson, City 
College student leader, 
and Susan Ratner, City 
College student leader. 
Seated rear to front, 
community college stu 
dents Tarciscio Herrera. 
Collin Dalry mple, Marie 
Edmond, Colin Grey, and 
Carline Vilfort. 



ed experiments, participated in 
workshops that focused on writ- 
ing scientific reports and solving 
problems, and worked on improv- 
ing computer skills important for 
doing science. 

Students attended classes 
from 9 a.m. to 4 p.m. Monday 
through Thursday, and from 9 
a.m. to 12:30 on Fridays. Two 
days per week were devoted to 
learning sessions in biology', two 
days to chemistry, and one day to 
testing and competitions. On Fri- 
days, the students reviewed their 
week’s work, took individual 
Cjuizzes, worked on team prob- 
lems, and participated in skill 
relays and a quiz bowl. They 
were organized into threi* teams, 
each led by an upperclassman. 
Points were awarded for atten- 
dance. participation, quiz scores. 



the quiz bowl competitions, and 
grades on scientific reports and 
homework assignments. 

Special events included an 
electron microscopy demonstra- 
tion, a roundtable discussion 
about opportunities in science at 
City College, and a tour of the 
Science Building. Sessions offer- 
ing admission and registration 
assistance were also part of the 
schedule. 

The staff included faculty 
members in biology and chem- 
istry from City College, Bronx 
Community College, and Bor- 
ough of Manhattan Community 
College, 'rechnical support was 
provided by college laboratory 
technicians in the biology and 
chemistry departments. Critical 
to the success of the summer 
course were three speeially 
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Maria Alvarado conducts 
an experiment as part of 
the Summer Transfer 
Program. 



selected upperclassmen who 
functioned as team leaders. 
These leaders attended all labs 
with the transfer students and led 
the workshops. They were an 
invaluable source of information. 

Evaluation of the course was 
developed under the direction of 
an outside consultant. Various 
instruments and measurements 
were used, including pre- and 
post-course self reports by the 
students; pre- and post-test prob- 
lems in biology and chemistry; 
and a pre- and post-course evalua- 
tion completed by the student 
leaders, as well as quiz scores, 
and grades on scientific reports 
and homework assignments. 

“Students in the program," 
according t(> Di. Sharon Cosloy, 
Professor and Chairman of the 
Department of Biology and 
HHMl program director, 
“worked hard, showed good 
enthusiasm, and did well overall 
in the quizzes and honiewc rk 
assignments." New activities in 
the program included the pro- 



duction of poster papers by stu- 
dent teams, instruction and prac- 
tice in using software needed to 
do word processing, charting, 
statistical analysis, and simula- 
tions in chemistry. 

In their end-course evalua- 
tions, students rated the course 
as very valuable for many rea- 
sons, e.g., learning to solve 
problems in biology and chem- 
istry; learning to run experi- 
ments, organize data, and write 
scientific papers; learning the 
value of group study; and learn- 
ing about the rigors of senior 
science courses. 

Students commented that the 
most important aspects of the 
course were "how to write a sci- 
entific paper and to work in a 
group" and “to be able to familiar- 
ize myself with the use of MATH- 
CAD and also graphing on 
computers." When asked about 
the strengths of the program, 
one student wrote, "Good 
instructors and faculty to teach 
their subjects, good coordination 
and environment.” .Another wrote 
that the course "prepared stu- 
dents very well to deal with the 
pressure they will encounter at 
City College.” llie .■'■'ost common 
complaint was that the course 
was too short. 

Dr. Millicent Roth directs 
"The FreshmaPi Year," which is 
part of the College's develoj)- 
ment and retention program. It 
addresses the inability of many 
underprepared students to 
complete the introductory 
courses. Of the 100 partici- 
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pants, 80 were minority stu- 
dents and 50 were women. 

A major component of the pro- 
gram is the science preparation 
course, which includes a weekly 
counseling seminar. The course 
runs four hours per week and 
provides one credit. As the stu- 
dents develop problem-solving 
skills in science, they also devel- 
op self-awareness that enables 
them to direct and control their 
academic lives. 

A counseling seminar, which is 
incorporated directly into the sci- 
ence curriculum, is designed to 
promote the students’ ability to 
monitor, evaluate, and adjust 
their skills to achieve their aca- 
demic and personal goals; to 
manage their academic experi- 
ences; and to assess their 
progress. 

The science curriculum itself 
is divided into cycles, each built 
around a specific topic, which 
provide laboratory experiments, 
data analysis, problem sets, 
reviews, and a quiz. Tutorial 
workshops led by students focus 
on problem sets and provide 
experience in working through 
problem-solving strategies. 

Four sections of the prep cours- 
es were offered in 1998-1994. 
Because of the success of the sci- 
ence course-counseling seminar 
package, the program has been 
accepted as part of the regular sci- 
ence cuiTiculum. The program 
has also been accepted into the 
National Diffusion Network of the 
I'nited States Department of lulu- 
cation, with facilitators in every 



state, who disseminate the meth- 
ods and results of the members’ 
projects. 

The projects developed under 
a 1989 grant from the Institute 
continue to be successful in 
recruiting students and in 
retaining them by providing 
workshops, support systems, 
counseling, and tutoring. These 
projects also help to broaden stu- 
dents’ appreciation of possible 
careers in science and train them 
for working in biological and bio- 
medical sciences. 

At City College, the HHMl 
projects are coordinated with oth- 
ers across many disciplines. A 
continuing pool of well-prepared 
students is being created. The 
program director believes that 
the success of this program is 
"due to the collegial atmosphere 
among faculty, staff, and stu- 
dents, which allows us to work 
together and stimulates the pro- 
grams to grow and flourish.’’ 

Program Director 
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The University of California-Davis is a public research institution. 
In 1989 the Howard Hughes Medical Institute awarded the 
University $1,200,000 to (1) excite the interest of underrepresented 
minority students in biology and provide the foundation for their 
academic success with an enriched curriculum and research labora- 
tory opportunities in their freshman and sophomore years; (2) 
develop an integrated introductory curriculum in biology and 
acquire laboratory equipment; and (3) expand links with community 
colleges to encourage transfer and assist with student, faculty, and 
curricular development. 



The University Partnership 
Program 

With HHMI support, faculty 
members at the University of 
California-Davis are taking steps 
to foster closer relationships with 
neighboring community colleges. 
Because so many UCDavis stu- 
dents take their lower-division 
science courses at these colleges, 
the University Partnership 
Program was established to 
assure that transfer students are 
appropriately prepared for their 
university course work in biolog\' 
and other subjects. 

"This issue of parity is particu- 
larly critical in the biological sci- 
ences. where in some instances 
the fast pace of change and the 
cost of equipping laboratories 
may make it difficult for the com- 
nninity colleges to maintain the 
kind of education necessary for 
the successful transition of their 
students to the university." said 
Dr. Merna Villarejo. Associate 
Dean of tlie Division of Biological 
Sciences and HHMI program 
director. At the center of the part- 



nership program is the opportu- 
nity for community college facul- 
ty to spend a sabbatical semester 
on the Davis campus as HHMI 
teaching fellows. 

This respite from their heavy 
teaching duties provides an 
opportunity for intellectual 
renewal and involvement in intro- 
ductory biology at the university 
level. When the teaching fellows 
go back to their schools and 
update their biology courses, 
these changes also benefit their 
students, reducing the so-called 
transfer shock that occurs when 
students are ill-prepared for more 
sophisticated science courses at 
the university level. 

Students also benefit from the 
improved relationships between 
faculty members at the Universi- 
ty and the community colleges, 
wl'iich helps to overcome a mis- 
perception that UCDavis is a 
cold and arrogant place. So far. 
faculty members from three 
institutions in central Califor- 
nia — Sacramento City Colh'ge. 
Sierra College, and Yuba Col- 
lege — have participated in the 
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partnership program, with very 
positive results. 



The Sacramento City College 
Partnership 

The Sacramento City College 
experience has been the most 
extensive, according to Dr. 
Villarejo. Over several years, 
most of the members of its biolo- 
gy department have spent up to 
two quarters on sabbatical at the 
Davis campus. Some of this time 
was spent in meetings with the 
dean and with faculty members 
to discuss how to derive maxi- 
mum benefit from the sabbatical 
program. One goal was to revise 
the community college biology 
curriculum so that its introducto- 
ry courses would articulate bet- 
ter with upper-division courses 
taught at the University. 

Another goal was to enable the 
teaching fellows to decide which 
courses they would like to audit 
and what other intellectual inter- 
ests they would like to pursue 
during their stay on the campus. 
One requirement was that they 
attend lectures of the introducto- 
ry biology course that corre- 
sponded to their own area of 
teaching responsibility. Beyond 
the initial requirement, all five 
particii)ants took different cours 
es becausf' (‘ach tollow'.'d a sepa- 
rate subdiscipline and had 
somewhat different academic 
plans. Some helped teach labora- 
tory sections for the introv'iuctory 
biolwgy course to familiarize 



themselves with the new tech- 
niques and equipment used at 
the University. 

These experiences proved 
especially useful for the visiting 
biologists, who began to update 
their own laboratory courses 
once they returned to their usual 
teaching duties, said Dr. Ken 
Naganuma, Chair of Biology at 
Sacramento Community College. 
“The first faculty member who 
came back said that we needed to 
re-do our cell biology course. So 
we’ve made it much more molec- 
ular in emphasis. In tlie laborato- 
ry, our students now begin 
handling DNA right away — doing 
micropipetting, gel electrophore- 
sis, and bacterial transforma- 
tions. And this means the 
students can also get jobs and be 
competitive in the marketplace," 
he says. “They love it!” 

According to Dr. Naganuma. 
the biology faculty members 
have benefited in several ways. 
Some had not taken sabbatical 
leave for decades. Dr. Naganuma 
noted that they came back from 
their sabbaticals supercharged 
and really enthusiastic about 
their work — with significant 
impact on their students. 

Other Partnerships 

Other community colleges that 
participated in the program 
rejiurt similar benefits. Dr. Rita 
Hoots, wh(< teaches biology at 
Yuba College and spent sabbati- 
cal time at the University in 1991, 
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said that attending courses there 
helped her “integrate new data ... 
and focus the directions that I 
should take in preparing students 
to transfer to the university. 
Teachers need such opportuni- 
ties to expand their understand- 
ing of current trends." 

The university plans to extend 
its initial concept to more distant 
community colleges. Dr. Edward 
Garrison, an anthropologist and 
Professor of Biology at the Nava- 
jo Community College, Shiprock, 
New Mexico, will spend the win- 
ter and spring quarters of the 
1994-199.5 academic year on the 
University campus. The Navajo 
Community College belongs to a 
set of isolated tribal community 
colleges that usually have only 
one biology instructor and no 
funds for continuing education. 
Dr. Garrison, who teaches all the 
biology courses at liis college, is 
expected to learn more cutting- 
edge biology at the University. 
The experience is seen as a 
potential model for partnerships 
between other universities and 
their neighboring tribal commu- 
nity colk'ges. 

"My focus will be on acquiring 
enhanced laboratory skills for 
the core biology courses in our 



program at Navajo Community 
College," Dr. Garrison said. “We 
need the technical skills and 
experience in working with new 
and different laboratory equip- 
ment as the basis for an informed 
grant proposal." Dr. Garrison 
added that chronic shortages of 
funds have precluded giving sab- 
batical leave to the faculty. ‘The 
Native American students at the 
Shiprock campus will concretely 
benefit from my opportunity to 
become re-energized and re- 
excited about biology while I’m 
on sabbatical at Davis," he said. 



Program Director 

Merna Villaruji;, I’h.I). 

Professor of Biochemist lA and Microhioloj»\’ 

Section of Molecular and Cellular Bioloj^s 

Division of Hiolojiical Sciences 
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Davis. (’A lloliDi 
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Educational Tcvchnology: 
Supplementing Laboratory Instruction 
Beloit College 



^^eloit College is a private liberal arts institution in Beloit, 
Wisconsin. In 1991 the Howard Hughes Medical Institute awarded 
the College $650,000 to support (1) laboratory research opportunities 
for undergraduates, particularly introductory students; (2) revision of 
the introductory curricula in biology, chemistry, physics, and calculus 
to emphasize laboratory research and scientific discovery; (3) special 
activities such as workshops and classes for science teachers and 
6th-12th-grade students in Wisconsin and Illinois, designed to stimu- 
late student interest in the sciences; (4) summer research opportuni- 
ties for students from other institutions, especially those enrolling 
significant numbers of underrepresented minority students; and (5) 
summer workshops for local high school science teachers, providing 
research opportunities and exposure to new science teaching tech- 
niques such as using interactive biology computer simulations. 



Developing New Approaches 
to Science Education 

Like many colleges and universi- 
ties, Beloit College has found 
that student interest in science 
often flags at the introductory 
level, when students take their 
initial courses in biology, chem- 
istry, physics, and calculus. In 
many cases, capable students 
become discouraged when they 
fall behind in their scientific work 
and are never able to catch up. 
These students may have begun 
college with plans to become sci- 
entists or physicians, but their 
first exi)eriences with college- 
level science turn them a'.ay 
from a potentially productive 
career. 

At Beloit College, the science 
departments havt' been focusing 
their efforts to provide students, 
especially those in their fresh- 
man and sophomore years, with 



the tools to overcome the initial 
challenges they face in their sci- 
ence courses and go on to com- 
plete upper-division courses, 'fhe 
College has been at the forefront 
of developing computer-assisted 
materials for teaching biology. 
One major effort is known as 'Fhe 
Bio()UESl' Library, an anthology 
of computer-based materials for 
biology laboratory instruction. 

With initial support from the 
Annenberg/Cori)oration for Pub- 
lic Broaficasting Project, Bio- 
(JUHST has involved biologists, 
educators, computer scientists, 
and others in developing 20 soft- 
ware modules for use on Apple 
Macintosh computers, and eight 
otlu'r modules associated with 
existing computer software. 
'I'hese mofiules relied the under- 
lying philosophy of the Bio- 
(iUEST Curriculum Consortium: 
posing questions, pursuing the 
problems arising from those 
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questions, and persuading others 
of the value of their solutions. 
Another important objective, as 
noted by Dr. John Jungck, Profes- 
sor and Chairman of the Biology 
Department and HHMl program 
director, is to allow students to 
experience the long-term strate- 
gies of scientific research. 

Each of these modules is 
designed to enable students to 
practice collaborative, open- 
ended, in-depth scientific inquiry 
that supplements laboratory 
instruction Among the scientific 
fields addressed in the modules 
are genetics, molecular biology, 
and physiology. BioQUES'F mod- 
ules also allow students to trans- 
fer their data, graphics, working 
hypotheses, and analyses into 
word-processing, spreadsheet, 
and scientific graphics software to 
build scientific journal-style man- 
uscripts that can be reviewed by 
instructors and other students. 

BioQlIES'r produces 'ITie Bio- 
(JUESr Library, which Dr. 
Jungck describes as “an electron- 
ic academic journal." At the core 
of the library, which is currently 
available on CD-ROM in Macin- 
losli formal only, are five com- 
puter simulation' that allow 
students to gain research exjieri- 
ence in various areas of biology, 
riie simulations include “Biota,” 
which simulates species interac- 
tion in diverse environments; 
"Environmental Decision Mak- 
ing," which allows students to 
create and study mod* 1 ecosys- 
tems; “Ccnetics Consti uction 
Kit," which simulates a classic 



Mendelian genetics laboratory; 
“Isolated Heart Laboratories," 
which allows students to explore 
the pressure-volume relation- 
ships found in the heart; and 
“Sequencelt!,” which simulates 
the experimental processes used 
in protein sequencing. 

When students run the 
“Sequencelt!” program, for exam- 
ple, a schematic diagram of a 
polypeptide of unknown length 
and sequences appears on the 
screen. Using a computer mouse, 
students can then choose from a 
number of scientific procedures 
(e.g., acid hydrolysis) built into 
the program and apply them to 
the peptide to help determine the 
amino acid sequence. Each pro- 
cedure will provide clues as to 
the physicochemical properties 
of the protein. Over time, stu- 
dents can use the clues to build a 
hypothesis, which they will have 
to defend to colleagues. 

With Institute support, science 
faculty members have developed 
other computer-based materials 
for biology instruction. Dr. 
Junj’ck, Patti Soderberg, Director 
of the BioQUEST Curriculum 
Consortium, and Ben Jones, a 
computer programmer, have 
been developing a new software 
package called INHERIT, 
designed to help students learn 
aspects of genetic counseling. 

Faculty members are involved 
in developing materials on real- 
time data acquisition for human 
biology, physiology, and neurobi- 
ology courses. Professor Marc 
Roy has written a manual on com- 
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Sample screens uf 
Seqi’encelt!. a computer- 
based series of experi- 
ments developed by 
BioQUESTlibrar> 
authors Dr. Allen Place 
and Thomas Schmidt, 
allows students to 
sequence a polypeptide 
usinjt simulations of bio- 
chemical analyses. 



puter interfacing, real-time data 
acquisition, and analogue-to-digi- 
tal conversion for other faculty 
members and students. Professor 
Ken Yasukawa is developing a 
series of laboratory and field 
exercises in animal behavior and 
ecology for use in high school 
and college curricula. 



N<;w Equipment for New 
Programs 

The b«titute’s grant is support- 
ing I mient acquisitions for 
these o. ities, including a bio- 
logical image analysis worksta- 
tion used for such courses as 
botany, genetics, human biology, 
and a senior seminar. The work- 
station will also be used for a cel- 
lular and molecular biophysics 
course. In addition, the grant 
has supported the development 
of another computer laboratory 
consisting of 12 networked 
Macintosh computers. 

'Fhe biological image analysis 
workstation is used by cellular 
and molecular biophysics stu- 



dents to measure and record 
the harmonic oscillation of cil- 
iary beating in Stentor, a large 
protozoan: to process graphical- 
ly pictures of cells whose mem- 
branes are in the process of 
dividing to statistically test 
whether the pattern is more 
likely a Voronoi polygon or an 
L-mosaic spatial distribution; 
and to study the statistical 
mechanics of RNA folding. 

Developmental biology stu- 
dents use the biological image 
analysis workstation to mea- 
sure volume changes in an 
embryo as it divides from a sin- 
gle fertilized egg to a 32-cell 
stage; to reconstruct three- 
dimensional embryos from ser- 
ial sections and then to make 
measurements from new "oi)ti- 
cal" slices; and to change color- 
ing. texture, sharpness, etc., of 
histological samples in order to 
better visualize microanalomi- 
cal structures. 

'I'he workstation is used in a 
large variety of courses to ini)ut 
visual images from compound 
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Students Gaoussou 
Diarra and Qat Alllkian 
(left to rij?ht) use a com- 
puter program to investi- 
gate the origins of the 
genetic code as part of 
their summer research 
project in mathematical 
biolo^’. 



and dissecting microscopes, a 
videocamera. CDs. a flatbed 
scanner, videotapes, computer 
disks, and Internet (e.g.. Mosa- 
ic). and to output them to 3.5- 
mm slides, disks, or videotape. 
The workstation has afforded 
enormous flexibility in a wide 
variety of contexts, and the 21- 
inch screen enables many stu- 
dents to see simultaneously 
what their colleagues are able 
to investigate with their own 
material. 

In 1992 KDUCOM. a higher- 
education communications 
group, gave BioCJl'KST software 
an award for distinguished nat- 
ural sciences curriculum innova- 
tion in biology, and in 1993 the 
organization honored Hio- 
()UKST’s Genetic Construction 
Kit simulation. That same yi>ar 
Project Kaleidoscope chose Bio- 
()UKST as one of its "I’rograms 
That Work." 



Adapting the Technology for 
Other Settings 

BioQUHST materials are widely 
used across the country. 
According to biurie Spier of the 
Academic Software Development 
Group at the University of 
Maryland, which publishes th(> 
BioQUEST Library, nearly 2r)0 
individuals and .51 colleges and 
universities throughout the 
United States and Canada have 
acquired the rights to use the 
software. She anticipated a simi- 
lar number of orders from 
Europe, based on recent expres- 
sions of interest, once the pro- 
grams became available overseas 
late in 1994. 

Beloit has developed the Bio- 
(iUEST Curriculum Consortium, 
an association of some 3.()00 life 
scientists, educators, and com- 
puter scientists throughout the 
country. The College also hosts 
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annual meetings attended by aca- 
demic scientists from other insti- 
tutions to learn about and discuss 
the new technologies. According 
to consortium director Patti 
Soderberg, a growing number of 
K-12 teachers are requesting 
assistance in developing educa- 
tional materials at those levels. 

Institute funds also support 
summer workshops at Beloit for 
precollege life sciences teachers. 
A major goal of these work- 
shops, according to director 
Kathleen Greene, is to present a 
view of science teaching and 
learning that is open-ended, 
interdisciplinary, and active: 
hands on, and minds on. Prob- 
lem-posing, problem-solving, 
and peer persuasion are a cen- 
tral part of that approach. 

'Hie first summer workshop, in 
1992, focused on the use of Bio- 
QUEST materials for the high 
school classroom. John Kempf, a 
biology teacher at Fort Atkinson 
High School in Fort Atkinson, 
Wisconsin, working with the Bio- 
QUEST Genetics Construction 
Kit, developed a HyperCard data- 
base illustrating the genetic char- 
acterisilcs of the fruit fly so that 
students would be better able to 
visualize them. As Mr. Kempf 
notes, the workshop challenged 
him to think about the role of sci- 
ence at the high school level, 
especially in regard to conduct- 
ing experiments with studenis. It 
encouraged him to construct 
experiments th,»t are open ended. 

However, Mr. Kempf also had 
some reservations about the pro- 



gram, saying that the totally 
open-ended approach to instruc- 
tion left many of the participants 
feeling overwhelmed and want- 
ing more structure. The evolu- 
tion of the workshops has 
reflected some of these concerns. 

“One of the things v/e’ve 
learned," says Ms. Greene, “is 
that we need to keep the practi- 
cal issues that teachers have in 
the foreground and the theoreti- 
cal issues somewhat more in the 
background. We’ve tried to ask 
teachers. What do you see as 
the greatest issues for you? 
Then we can present the infor- 
mation in a way that responds to 
their needs." 

In 1994, Beloit presented two 
such workshops — one for middle 
school and junior high teachers, 
the other for junior high and high 
school teachers — bringing a total 
of 25 teachers to campus. As the 
title “Integrating Life Science and 
Physical Science: Curriculum 
Development Workshops for 
Teachers” indicates, the 1994 
institutes integrated physical and 
life science, using the body as the 
primary object of study. 

One of the aspects of the 
institutes that teachers find 
most valuable is the chance to 
exchange ideas and to work 
with other teachers. Ken I)e 
Forest-Davis, a mathematics 
teacher at Beloit Memorial 
High School who attended the 
1992 workshop that focused on 
Bio()LEST, says the contacts 
with other teachers provided 
him with a group of people to 
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whom he could turn for advice 
and ideas after he returned to 
his classroom. 



Providing Research 
Opportunities for Students 

Institute funds have aiiowed stu- 
dents admitted to Beioit to 
become involved in scientific 
research during the summer 
before their first year in college. 
The Young Scholar Research 
Program brings a small number 
of entering freshmen (six each in 
1992, 1993, and 1994) to campus, 
where they work with a Beloit 
College faculty member on a full- 
time research project, many 
using BioQUh^Sl' materials. 

In addition to working one-on- 
one with a faculty member, the 
students attend weekly seminars 
that help them learn and improve 
research methods and solve 
problems that come up during 
the session. They also attend 
biweekly writing workshops to 
help them communicate their 
findings to scientific colleagues. 

'Phe students begin by doing a 
literature review and developing 
a research proposal, which is 
continually revised during the 
course of the research. 'Phey doc- 
ument the progress of their 
research and give two formal 
reports on the results, one after 
three weeks, and the other at a 
formal poster session at the end 
of the six-week session. 

David Gan. a student from 
Penang. Malaysia, worked with 
Dr. Jungck on a research project 



in theoretical genetics. Mr. Gan 
and Dr. Jungck used a Bio- 
QUEST-associated tool called 
MacClade to study the evolution 
of macromolecules called amino 
acyl transfer RNAs that are 
involved in protein synthesis. Mr. 
Gan worked up phylogenetic 
trees for transfer RNA molecules. 

Using the BioQUEST pro- 
gram. Mr. Gan would analyze one 
or two amino acyl tRNAs from 
each family of amino acids. As 
Mr. Gan notes, the project was 
like studying a family tree, trying 
to show how one amino acid was 
more like another, trying to show 
that the mutations between 
tRNAs weren’t random, but part 
of a pattern. He also used the 
software to try to trace the steps 
of the mutation. Mr. Gan original- 
ly planned to attend medical 
school, but he is now a chemistry 
and biochemistry major and may 
pursue a Ph.D. in pharmacology. 
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Educational Technology: 
Supplementing Laboratory Instruction 
Harvard University 



arvard University is a private research institution in Cambridge, 
Massachusetts. In 1992 the Howard Hughes Medical Institute award- 
ed the University $1,100,000 to support (1) development of the upper- 
division bioscience curriculum to include new project laboratories in 
developmental biology, genetics, and neuroscience: (2) enhancements 
in the introductory-level chemistry and physics curricula and creation 
of a computer laboratory to model macromolecules for a course in 
organic chemistry; (3) research experiences in university and medical 
school laboratories for undergraduates, particularly v.’omen and 
underrepresented minority students; and (4) activities to enhance 
high school biology through laboratory experiences for teachers and 
students, lectures and demonstrations by faculty members, and devel- 
opment of laboratorit's 'or advanced placement biology courses. 



The Computer Modeling 
Laboratory 

A computer modeling laboratory 
has been designed to accompa- 
ny the University’s introductory 
two-course sequence in organic 
chemistry. The first-semester 
course. Principles of Organic 
Chemistry, is an introduction to 
the structure of organic mole- 
cules, their bonding patterns 
and reaction mechanisms, the 
transformation of common func- 
tional groups, and the principles 
of organic synthesis. The sec- 
ond-semester course. Organic 
Chemistry of Life, deals with the 
ai)plication of organic chemistry 
to biochemistry, covering such 
to|)ics as rational drug design 
and how environmental agents 
ca.use cancer. The comi)uter lab- 
oratory is designed to enhance 
tlie wet laboratory component of 
the courses. 

With HHMI support. Dr. (ire- 
gory Wrdine. Profc'ssor of 



Chemistry, began to assemble 
the computer modeling labora- 
tory by purchasing graphics 
sohwaiT and four Silicon Graph- 
ics indigo computers. Three 
more computers were pur- 
chased with support from addi- 
tional sources. With only seven 
computers, the 300 students 
who ordinarily take the course 
could not be accommodated. 
Consequently, when the labora- 
tory was first offered in the fall 
of 1993, students were given the 
opportunity to work in groups 
on an extra-credit project that 
used the new laboratory. 

Over 40 percent of the stu- 
dents welcomed the chance to 
work on the extra-credit project. 
At the beginning of the semes- 
ter, they were asked to submit a 
proposal (.Hitlining the scope of 
their project. During the next 
six to eight weeks, they worki'd 
with Dr. Verdine or his teaching 
assistant — a graduate student 
s|)ecifically assigned to tlu' com- 
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puter laboratory— to refine video in the public poster session 



Koski, a senior majoring in neu- ics was extolled by Dr, Stephen 
robiology, who is interested in Harrison. HHMI Investigator, 
attending medical school, Work- Professor of Biochemistry and 
ing with another student, he Molecular Biology, and program 
used HyperChem software to director. He pointed out, "With 
create a visual image of a com- computer graphics there is no 
mon organic reaction called an limit to the complexity of the mol- 
reaction. ITiis reaction, often ecule that you can look at. Shnple 
involving different chemical insights can now be extended to 
groups, consists of the substitu- enzyme-active sites in a way that 
tion of one electron-rich nega- is accessible to a large number of 
lively charged group for another, people." He added, "The plastic 
When displacement occurs dur- physical models we used to use 
ing the '>\^2 reaction, it causes an were prohibitively expensive, 
inversion of the geometric very delicate, and impossible to 
arrangement of the groups. Said do things with. The computer 
Mr. Koski. "A lone atom attacks dramatically extends our ability 
and causes the whole molecule to teach what is a key concept in 
to invert like an umbrella in the modern biology and chemistry- 
wind," The reaction so lends the relationship between Tl) con- 
itself to graphical depiction that formation and reactivity." 

Mr. Koski and his partner video- One of Dr. Verdine's goals is to 
tai)ed the reaction from the com- build the computer laboratory to 
puter scrcHMi and presented the the point where it can be fully 



Dr. Stephen Harrison 
(left rear), HHMI 
program director, 
instructs high school 
science teachers Marian 
Levinstein, Robert 
Siggens, and Catherine 
Dollard (rear to front) 
during a workshop on 
the use of computer 
graphics to help 
students grasp 
principles of 
biomolecular 
interactions. 



their proposals. 

One of the students was John 



at the end of the course. 

The value of computer graph- 
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integrated into his organic chem- 
istry courses. A second goal is to 
realize his long-term objective of 
combining organic chemistry 
and biochemistry into a new 
introductory course. Said Dr. Ver- 
dine, “The computers have 
helped us to flesh out some of the 
ideas in how we would manage 
the integration of biochemistry 
and organic chemistry. An impor- 
tant part of that interface would 
be the use of computers as a uni- 
fying tool." 



Expanding Technology 



Three-dinuMisional 
“sliding damp" modd of 
the DNA polymerase III 
betasubunit-DN'A 
complex produced by 
undergraduates 
Lawrcmce Brown, 

Bianca Hovey, Rotoiiya 
McCant!*, Nhi-HaTrinh. 
and Kristen Van Amburg 
with the aid of a Quanta 
computer graphics 
program. 



With the new video and computer 
graphics laboratory. Harvard 
University is exploring new 
dimensions in educational tech- 
nology. The development and pro- 
duction of the video Inventing the 
Atom is intended to expand stu- 
dents’ understanding of atomic 
theory in an introductory course 
combining chemistry and physics. 
For students in organic chem- 




istry. complex macromolecular 
structure can be visualized, twist- 
ed. and turned in three dimen- 
sions. thanks to an innovative 
computer modeiing laboi atory. 

Tlie HHMI-supported video- 
designed to accompany one of 
the early lectures in Introduction 
10 Chemistry and Physics- 
reveals the historic roots of our 
modern understanding of atoms 
and the kinetic theory of gases. 
Its underlying purpose is to show 
how a simple idea in science 
becomes an accepted fact 
through use of the scientific 
method. While the immediate 
audience for the 30-niinute video 
is the 15 students in a combined 
chemistry and physics course, 
the instructor. Dr. David Diyzer. 
Donald H. Menzer Professor of 
Astrophysics, envisions a broader 
audience that would include 
advanced high school physics 
and chemistry students. 

h'ven though tireek philoso- 
phers first postulated the idea ol 
atoms, Aristotle’s rejection was 
sufficient to have their specula- 
tions fall out of favor. It was not 
until the early 1800s that chemist 
John DalU'ii espoused the atomic 
hypothesis, based in part on 
Newton’s Frinripia. The main 
components of Dalton’s theory 
were correct, but tin* details were 
partially incorrect, such as the 
assertion that all eliMiieiital gases 
were made u|) of single atoms. 

In reality, some gases consist 
of diatomic molecules like 0 . 
and N_,. On the strength of Dal- 
ton’s reputation and his iiivi'ca- 
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tioii of Newton, experimentalists 
embraced Dalton’s theory, yet 
struggled for almost 50 years to 
verify its details, only to be 
stymied by the lack of empirical 
support. By mid-century, scien- 
tists had all but abandoned the 
atomic hypothesis. However, in 
1870 physicists August Kronig 
and Rudolph Clausius revived the 
atomic hyi)othesis by building on 
the work of Daniel Bernoulli 
from over a century earlier. Their 
kinetic theory of gases, which is 
widely accepted today, incorpo- 
rates the atomic hypothesis to 
explain how gases behave under 
different conditions of tempera- 
ture and pressure, “The video 
demonstrates the scientific 
method in all of its wide detours, 
It is a sociological portrait of sci- 
ence," said Dr. Diyzer. 

Making the video also was not 
without detours. The original 
script was considered to oe too 
dry, bordering on an illustrated 
lecture, according to Dr. Layzer. 
The first draft was a chronologi- 
cal rendition of events, using still 
photographs and narration. Both 
Dr. Layzer and his research 
assistant felt tlia* the historical 
develoi)ment of atomic theory 
could be illustrated more 
dynamically through the vidc'o 
medium. An offer from the Har- 
vard Audio/Visual Dei)artmeiit 
enabled them to take advantage 
of state-of-the-art equii)iiient and 
a studio. The second scrij)t was 
written, interweaving the histori' 



cal events, with present-day stu- 
dents in the leading roles. The 
students interrogate each other 
about atomic theory. 

As a companion to the video. 
Dr. I,ayzer and his assistants are 
developing interactive computer 
animations to strengthen stu- 
dents’ understanding of the kinet- 
ic theory of gases. They are 
writing a computer program 
using special Macintosh software 
that visually illustrates Boyle’s 
and Charles’s I^ws. The comput- 
er screen shows two separate gas 
chambers containing molecules 
moving at random. The student 
can manipulate such parameters 
as temi)crature, volume, and the 
number of atoms to assess the 
impact oil iiressure. 
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Educational Technology: 

Supplementing Laboratorj^ Instruction 
University of Puerto Rico Mayaguez Campus 



The University of Puerto Rico Mayaguez Campus is a public com- 
prehensive institution. In 1993 the Howard Hughes Medical Institute 
awarded the University an additional grant of $500,000 to support a 
program to (1) renovate a laboratory facility for undergraduate 
instruction in such areas as cell physiology, virology, immunology, 
and molecular genetics, and acquire equipment for courses in general 
biology for majors and nonmajors, general biology, and genetics and 
structural biology; (2) enhance student research experiences to pro- 
vide opportunities for students to attend scientific meetings; and (3) 
conduct introductory workshops in molecular biology for local high 
school biology teachers. 



Science on Wheels 

Using their 1991 grant from the 
Institute, members of the science 
faculty at the University have' 
developed a Science on Wheels 
project in which a van travels 
along the western coast of 
Puerto Rico, visiting rural towns 
where the schools often lack 
modern laboratory equipment. 
The proji'ct focuses on Hispanic 
students in outlying areas of 
Puerto Rico, but the van has also 
visited the neighboring Virgin 
Islands, according to Dr. Juan (1. 
do nzalez- Lagoa, Associate 
Director of the Resource Center 
lor Science and Lngineering and 
HHMI program director on the 
Mayaguez campus. The purpose 
of the visits is twofold: to demon- 
strate basic scientific priiH’ipU's 
to pn'college students and their 
teacluM's and parents, and to 
train precollege teaclu’rs to do 
hands-on laboratory exercises in 
the classroom with their stu- 
dents. The faculty who travel 



with the van have found that 
teachers who receive training 
are more likely to participate in 
the van demonstrations. 

'Hie Science (Jii WTieeds proji'ct, 
part of a larger program for 
K-12 schools, appeals mainly to 
students in the 7th-9th grades. 
The settings are often as infor- 
mal as an op( n basketball court. 

By allowing the van to travel 
freely, the faculty can reach 
many more students than could 
come to the University campus. 
Over a year, the van m.o visit as 
many as 4,000 students and their 
teachers; the program is very 
cost-effective. 

"The approach they’re taking 
is very exciting," Dr. (lonzalez 
said, referring to the group of 
science faculty members led by 
Dr. Juan Lopez darriga. Profes- 
sor of Chemistry, who designs 
and conducts th.e demonstra- 
tions. The group includes Drs. 
Idelfonso Munoz, Vivian Torres, 
and Yoliinda Hchevarria, as well 
as an umh’rgraduate student. 
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Elementary and 
secondary teachers 
observe Professors 
Vivian Torres and 
Ildefonso Munoz 
demonstrate techniques 
for teaching chemist r>’. 



The van is equipped with com- 
puters, balances, and other items 
to make a small lab. The faculty 
use simple materials that are 
readily available and experi- 
ments that can be easily repeat- 
ed. The program receives 
numerous requests from schools 
to visit and do demonstrations 
that are understandable. 

Visiting faculty from universi- 
ties in the continental United 
States have also participated in 
the van visits. One was Dr. Henry 
Bent, who directs a similar van 
program at the University of 
Pittsburgh. Another was Dr. Ger- 
ald T. Babcock of Michigan State 
University, who presented a com- 
puter-aided demonstration on 
photosynthesis. 



A Visit to a Neighboring 
Island 

During the spring of Hh)4, the 
project made its first trip out 
side Puerto Rico — to the Virgin 



Islands. To save on costs, the 
laboratory equipment was crat- 
ed for transport and repacked 
in a rental vehicle, once the 
group from the University 
arrived. Although the demon- 
strations in Puerto Rico are usu- 
ally conducted in Spanish, the 
bilingual faculty switched to 
English in the Virgin Islands. 
Dr. Gonzalez noted that the 
project succeeded in the totally 
different setting because of the 
factors that were constant — the 
expertise and enthusiasm of the 
faculty — who taught the .-.time 
concepts as they do on their 
Puerto Rican tours. 

“'I'he experiments we do are 
presented like a classical magic 
show." said Dr. D>pez. “But we 
make it clear to the students that 
this is science, not magic." In one 
demonstration. Dr. l.dpez pro- 
duces a sold polymer from a li(|- 
uid mixture. "We call attention to 
how it’s done and explain the 
importanee of polymers in differ- 
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Dr. Juan l.opi‘Z (ian ij»a 
and Professor Sylvia 
Maniuez de IMrazzI with 
the Science on Wheels 
van. 



ent fields of physical science and 
biology.” he said. 

Because the audiences some- 
times include more than 500 stu- 
dents and their teachers, the 
faculty make every attempt to 
hold the students’ attention. They 
make sure that the presentations 
keep pace, and they call for vol- 
unteers from the audience. 

The demonstrations are delib- 
erately kept simple and enter- 
taining to capture the students’ 
imaginations and show them 
how scientific principles apply to 
these seemingly magical tricks. 
In this way. students probably 
understand the concepts better 
than if they were taught with so- 
phisticated equipment. During 
the second year of the van visits, 
for example, compressed gases, 
dry ice. liquid nitrogen, acids, 
and bases were used for demon- 
strations involving flames, con- 
densation. evaporation, explo- 
sions. and colors. A simple 
kinetic-molecular mode and acid- 




base chemistry were used to ex- 
plain the phenomena. 

The van also carries a comput- 
er that can be hooked up to a 
television monitor for more 
sophisticated demonstrations of 
molecular modeling in biology 
and chemistry, and parts of a liv- 
ing cell, for example. 

Nonetheless, the emphasis is 
on simplicity and the use of low- 
cost materials that are available 
to everyone. Dr. Lopez encour- 
ages both teachers and students 
10 purchase materials from local 
supermarkets to do basic experi- 
ment in biology and chemistry, 
he noted that water in which 
cabbage has been boiled can be 
used to test the pH of readily 
available materials such as 
lemon juice and ammonia. 
Although many of the exercises 
require teacher supervision in 
the laboratory, some are simple 
and safe enough for students to 
try at home. 



The Van as a Recruitment 
Tool 

The van serves to recruit teach- 
ers from outlying areas to attend 
summer workshops on tlie 
N7ayaguez campus, where tliey 
learn to do the demonstrations 
they hav(' s('en in the van. as well 
as other experiments they can 
take back to the classroom, By 
doing this. Drs. Lopez and 
(ionzalez are hoping for a domi- 
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no effect to stimulate interest in 
science as they train more teach- 
ers and reach more students. 



Program Director 

Juan (i. Gonzale/.-LaHoa, I’h.I). 

Profestior, Department of Marine Sciences 



The van visits are also coordi- ,\.s.sociate Director, 



dents for the six-week science KnRineering 



as 1,000 students come to 
taculty develop new demonstra- 



that builds on the initial award by NuiuIkm- of faculty members 



shops on molecular biology are 
held. These workshops, covering 
such topics as restriction map- 
ping, bacterial transformation, 
and gene cloning, provide resi- 
dential sumiiKT training for 10 
high school teachers annually. 



nated with efforts to recruit stu- Hesource Center for Sdem es ami 




tions for the next van visits. 



Institutional Profiie 

Total enrollment 
I'mierHraduate enrollment 



The University received an 
additional HHMI grant in 1993 
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providing support to renovate and Kmiowment (millions) 
equip a laboratory at which work- .Mimial itudKet (milliotts) 
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Overview of Assessment Strategies 
University of Arizona 

The University of Arizona is a public research institution in Tucson. 
Arizona. In 1989 the Howard Hughes Medical Institute awarded the 
University $1,500,000 to (1) support students through providing paid 
research experiences: (2) establish a computer learning lab for stu- 
dents and engage the faculty in using computers in teaching; (3) 
upgrade equipment for biology laboratory courses; and (4) develop 
and implement programs to reach teachers and students from the 4th 



grade through high school. 



A Busy Place 

The Undergraduate Biology 
Research Program (UBRF) is the 
centerpiece of the University of 
Arizona’s HHMI-suppor»ed activi- 
ties and attracts a growing num- 
ber of students and faculty 
sponsors. The program strives to 
incliKle as many undergraduates 
as possibh' in research and to 
provide a wide range of projects 
on which to work. Another way to 
enhance undergraduate educa- 
tion has been through the estab- 
lishment of the Biologv' Ix-arning 
Center, a computer-based biologi- 
cal l esource center that is used 
by 2.(K)() students a year. 

HHMl funding also supports 
several outreach piuigrams t(' 
stimulae* involvement of precol- 
lege students and teachers in 
science. Fi /e programs have 
been developed; Th<- Marvelous 
Munching Melanoidus and the 
Manduca Sexta Project (both 
for elementary school chil- 
dren). Science Connection, the 
High School Biology Research 
A|)prentice Program, and the 
Teacher/ Pre-service Teacher 
Research Experience, Horizons 
Unlimited and Med Start, two 



established ongoing programs 
for high school students, receive 
supplemental support from th<' 
HHMl grant that enables them to 
include more students. All of the 
outreach and precollege pro- 
grams are connected to ongoing 
biological research at the Univer- 
sity of Arizona. 



The Undergraduate Biology 
Research Program 

Since the UBRP began in l9iS8. 
441 undergraduat('s have partic- 
ipated. During the summer of 
1994. 130 students worked in 
biologically related laboratories. 
The number of faculty sponsors 
has grown to 2<)4. from 35 differ- 
ent ('.'‘ijariments. Faculty spon- 
sors provide half of the 
students’ support and all of their 
research suijplies, 

A student advisory committe<- 
meets weekly to provide guid- 
ance to the program’s policies 
and activiti<-s. During 1993-1994. 
this group was instrumental in 
organizing a lecture scries, 
which includefl ethics seminars, 
and several field trips, including 
a saguaro harvest, a tour of the 
art 1 ,. rial heart lab. and a visit to 
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Buenos Aires Wildlife Refuge in 
southwestern Arizona. 

The program emphasizes 
involvement of students as early 
as their freshman year. Although 
this policy has been questioned 
by colleagues from other univer- 
sities, a survey of faculty spon- 
sors confirmed a preference for 
involving underclassmen with lit- 
tle or no experience. These stu- 
dents respond enthusiastically to 
working in the lab. According to 
faculty and students, the 
research experience improved 
students’ grades because course- 
work became more relevant. 

According to Dr. Sam Ward, 
Professor and Head of the 
Department of Molecular and 
Cellular Biology and HHMl pro- 
gram director, “We feel that the 
undergraduate research program 
provides an effective model for 
research universities to utilize 
their .special resources to 
enhance instruction at the under- 
graduate level.” An article 
describing UBKP entitled 
“Improving Undergraduate Biolo- 
gy lulucation in a liirge Research 
University” was published in the 
l-'ebruary 1994 issue of The Mole- 
cular Biology of the Cell. 

In January 1994, the University 
convened the fifth annual UBRP 
co iference. Current UBRP stu- 
dents, their families, program 
alumni, outreach program partici- 
pants, faculty sponsors, and uni- 
versity administrators attended. 
University students and outreach 
participants presented their 
experimental results in poster 



form. Jennifer Gilmartin, a junior 
at the University, reported her 
research on the effect of alcohol 
on sympathetic neurons, using an 
in vitro model of neuronal devel- 
opment. 

Ms. Gilmartin works with Dr. 
Mary Johnson, Professor of 
Pediatrics. They discovered that 
aicohol inhibits dendritic devel- 
opment while enhancing axonal 
elongation. Recent studies have 
shown that Schwann cell num- 
bers are decreased by alcohol, 
possibly by inhibition of mitosis. 
The intent of this work was to 
better understand fetal alcohol 
syndrome, a prenatal insult that 
harms a large number of infants 
each year and is a leading cause 
of mental retardation. Continua- 
tion of this work could help to 
determine whether a “safe” 
amount of alcohol exists to 
which a fetus can be exposed 
without damage to the nervous 
system. 

Shane Uswandi and Naomi 
Ranee worked in a laboratory at 
the Department of Pathology in 
the School of Medicine. They 
used samples of brain tissue 
obtained from postmenopausal 
women at autopsy to determine 
whether increased expression (^f 
the gene for luteinizing hor- 
mone-releasi .g hormone pre 
ceded increased secretion of 
luteinizing and follicle-stimulat- 
ing hormotu's. 

The UBRP conf( i c;v'e pro- 
ceedings included abstracts ol 
the posters presented. Listed in 
the proceedings were the names 
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Durinjithe 11)1)4 
undergraduate research 
symposium, Shane 
Uswandi, an 

undergraduate, explains 
how increased 
expression of a gene in 
the hypothalamus 
region of the brain in 
postmenopausal women 
may cause the anterior 
pituitary gland to 
release hormones. 



of participants in the outreach 
programs and the current activi- 
ties of program alumni. Including 
students and faculty from the out- 
reach programs in the UBRP 
Conference has been an effective 
means of informing them about 
tlie opportunities available 
through the UBRP Office. It also 
enables students to meet biology 
faculty and to maintain contact 
witli program organizers and fel- 
low ])articipants. 



Keeping in Touch 

One of the most difficult, l)ul 
most important tasks in assess- 
ing the program's eifeetiveness is 
tracking oast pai tieipants. The 
voluntary effort by tlie students 
tliat is required to keep in contact 
is facilitated if participants appre- 
ciate the program and dev{'lop an 
identification w'itli it. 'I'lus goal is 



accomplished through program 
activities and a monthly newslet- 
ter, which keeps students and 
alumni in communication with 
one another and with the faculty. 
K-rnail accounts are being 
obtained for all studints, 
enabling staff to reach a growing 
number of participants and alum- 
ni via the Internet. 

it is essential for communica- 
tion and for reporting purposes 
to have a reliable database. 
Jerome jalinke, senior applica- 
tions systems analyst, has devel- 
oped. a database tiiat includes tlie 
naiiK, local and permanent 
adriresses. ethnicity, birtlidate, 
s('x, career goals, source of fund- 
ing, number of scientific 
papers/presentations made, and 
program evaluations liy partiei- 
jiants and faculty. 'I'lie evaluations 
can offer insiglit into the design 
of an effective undergraduate 
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research program. Collectively, 
this information has been impor- 
tant in tracking participants and 
in evaluating long-term program 
outcomes. 

Carol Bender, UBRP director, 
noted. "The HHMI grant has 
enabled us to develop a spirit of 
community among participants in 
all of our programs. This sense of 
community is vital to achieving 
our program goals.” 



Promising Results 

To date. 269 of the 441 under- 
graduates who participated in 
UBRP have received bachelor's 
degrees. Kighty-five students (31 
percent) have entered medical 
school, and 71 (26 percent) have 
entered graduate school. 

Students’ accomplishments 
indicate that the program is 
achieving its goal of exciting stu- 
dents about biological research. 
More than 100 UBRP students 
have published their research 
results, and the work of nearly 
I.'IO students has been presented 
at scientific meetings. Moreover, 
since 1992 UBRP students have 
traveled to other countries to be a 
part of the international scientific 
community. To date. 23 UBRP 
students have worked abroad on 
projects related to their woik at 
the University. 

In 1994 UBRP students were 
wiirking in ('lenmuiy. Sweden. 
France, the Czech Republic. 
Brazil, Canada, and Japan. Stu- 
dents and faculty sponsors in the 
host countries are uniformly 



enthusiastic about the "Interna- 
tional UBRP." In the words of Dr. 
Francoise Pecker. Research 
Direc or at the Henri Mondor 
Hospital in Paris. "1 am writing to 
express how glad 1 am that Brian 
Van Tine had the opportunity to 
come to our tab. ...Brian accom- 
plished a lot of work and got 
interesting r'“sults...this has 
given us the unique opportunity 
to start a collaboration, which is 
promising, with the laboratory of 
Professor Victory Hruby at the 
University of Arizona." 

UBRP student I’aul Klekotka 
wrote of his experience at the 
Karolinska Institutet in Stock- 
holm. Sweden, "1 wanted to learn 
how scientific research is con- 
ducted in a foreign country.. ..this 
summer has been one of the best 
expel iences of my life...I learned 
the importance of linking basic 
research to clinical aspects and 
also about the need for basic 
research. My summer experi- 
ence has caused me to decide to 
l)ursue an M.D./Ph.I). degree.” 

UBRP students have been suc- 
cessful. too. in securing National 
Kducation Security Act (NKSA) 
awards to study abroad in 
Botswana. China. Madagascar, 
and Senegal. 

Four UBRP alumni were 
awarded NSF predoctoral fellow- 
ships during the past yr-ar and 
three received honorable men- 
tion. Diaiie riionison, a 1 BRP 
student, was awarded oiU‘ of 10 
Churchill Fellowshiiis given 
nationally. Ms. Thomson will 
study r'liviromnental policy in the 




Overview of Assessment Strategies 






183 



developing world at Cambridge 
University in bmgland. b'rom 1993 
to 1994, five UBRP students 
received the Goldwater Scholar- 
ship in Math and Science. 

These and the other honors 
UBRP students have received 
reflect the depth of commitment 
students and faculty make to sci- 
entific research. 

The Biology Learning Center 

The Biology Learning Center 
(BLC), a computei laboratory 
dedicated to exploration of bio- 
logical concepts, was established 
using funds from the HHMl 
grant. Students can use pro- 
grams like “Macmolecule," 
which was developed at the 
University, to view macromole- 
cules as three-dimensional cc.or 
images. Students can manipulate 
the molecular models to gain a 
greater appreciation for the com- 
plexity of biological structure 
and the relation between struc- 
ture and function. 

Other computer-generated 
I^rograms such as “DNA InsiH'c- 
tor" and “DNA Strider" involve 



drawing tools and color anima- 
tions that enable students to 
manipulate DNA sequences. 
BioNet, an electronic bulletin 
board, was developed for use by 
undergraduates. Students use 
BioNet to communicate with 
each other and with their profes- 
sors. With funds from an NIH 
Bridges to the b'uture grant, the 
University has established 
remote BLCs at Navajo and Pima 
Community Colleges. 



Program Director 

.Saniut! Ward. I'h.I), 

I’riifi'ssora’.iri Head i/f .Molecular and 
Cellular Biolojj- 

Professor. Ecology anil Evolutionaiv l)ioloj;v 
l,SS Buildint>. Room 444 
I niversilvof.Xrizona 
Tucson. .'tZ H."21 
(.■)20) i;21-75(l:i 
(.•i20)d21-;)7(l!l(fax) 
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X be University of California-San Diego is a public research institu- 
tion. In 1989 the Howard Hughes Medical Institute awarded the 
University $1,200,000 to (1) enable upper-division undergraduate stu- 
dents in the biological and ph.vsical sciences to undertake research 
with faculty members or industrial scientists and develop their find- 
ings into honors theses; (2) provide undergraduates, including black 
and Hispanic students, with laboratory assistantships, a self-paced 
program of learning in biology using interactive video technology', and 
tutorial workshops in biology and related disciplines: and (3) create a 
summer and acadeini.: year program of tutoring, laboratory course 
work, and research, for students selected Ironi San Diego high 
schools. 



An Early Start 

Does it work? is sometimes only 
an afterthought to those who 
administer science ediu ation pro- 
grams. At the University of 
California-San Diego, assess- 
ment has been part of the 
Institute-funded program from 
the start, and that is one reason 
why the program can answer this 
important question. 

"Part of our original proposal 
was a plan to do a thorough eval- 
uation," said Gabriele \tien- 
hausen. Ph.D., lecturer and 
academic coordinator for the 
Biology Department and co- 
director of the HHMl program. 
"We could start from day one col- 
lecting data." 

The HHMl program at UCSD 
has three components. A lower- 
division program provides laculty 
mentoring, laboratory appren- 
ticeships, a tutorial workshop, 
research seminars, and academic 
and career advising to under- 
graduates. An upper-division sec- 
tion includes sumtm'f and 



senior-year research opportuni- 
ties. An outreach effort to three 
local high schools offers science 
camps in the summer and sup- 
port for science fair projects dur- 
ing the academic year, 

In setting up their program. 
UCSD faculty developed a multi- 
layered approach to evaluation 
and brought in an outside expert 
to do a comprehensive assess- 
ment after the third year, factors 
they believed would be critical to 
a successful evaluation of the 
program. 



Plan to Evaluate 

Because of funding limits or per- 
haps through lack of concern, 
planning for assessment is often 
postponed until it is too late to do 
a thorough job. 'lluTefore evalua- 
tion must be planned and budget- 
ed from the beginning. 

"If you don't have a plan in 
place, you end up missing impor- 
tant data." explained Dr, Barbara 
Sawrey. lecturer and academic 
coordinator for the Chemistry 
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Department, and cu-directur of 
the HHMI program. “It’s very dif- 
ficult to get data about people 
after you’ve started." 

Planners should consult an 
evaluation expert when setting 
up their program. Dr. Sawrey 
continued. Ideally, that would be 
the same person who later does 
the formal assessment. The 
HHMI program consulted one 
expert to plan the evaluation and 
brought in Dr. Betsy Stride, an 
anthropologist with expertise in 
-‘valuating education programs, 
to conduct the assessment. When 
the university wrote a second 
proposal to the Institute. Dr. 
Strick helped plan the evaluation 
and was selected to do the 
assessment as well. 

Dr. StiiCiv tiCiVocciies a multilay- 
ered approach to evaluation. 
"When yoa look at a program 
through just one kind of data, 
you can be misled." she said. If 
grade point averages were the 
only type of data used in evaluat- 
ing the lower-division program, 
the results would not reveal the 
program’s success in keeping 
marginal students in science. Dr. 
Strick said. Idit'se students were 
succeeding in science but were 
lowering the average (iPA for 
students in the program relative 
to a comparison g.oup whose 
correspondingly marginal stu- 
dents left and thus did not detract 
from its (iPA average. 

An ev, 'dilation is often more 
valid when there are dilferent 
types of data to examine, ('iirrent 
grades, previous grades from 



transcripts, retention rates, and 
SAT scores where appropriate 
are standard, useful quantitative 
data to collect for program evalu- 
ation. In addition, interviews or 
some other type of qualitative 
data from participants, especially 
the students, should be included. 

So that the data are compre- 
hensive. the HHMI program uses 
surveys and questionnaires to 
collect responses from students 
and faculty involved in program 
activities on the college level and. 
at the high school level, from stu- 
dents. science teachers, and guid- 
ance counselors. 

"If there was a ‘'.eniinar course, 
we would get the feedback at the 
end of the seminar. If there was a 
special one-day workshop, we 
always had an evaluation form 
ready for the students to fill out.’’ 
Dr. Sawrey said. The incoming 
freshmen were even asked what 
could be done to improve their 
two-hour orientation session. 

To keep students from becom- 
ing resentful about filling out 
questionnaires, the program 
strives to offer something in 
return. Sometimes it is giving 
students more voice in planning 
activities, such as get-togethers 
with faculty, l-’requently it 
involves immediate notification 
when their suggestions lead to 
changes — iwen minor ones — in 
the program. 

(Qualitative data can also be 
gemu'ated by having students 
keep an informal diary, perhaiis 
on a monthly basis. Dr, Strick 
said. They can lie asked to write 
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whatever they think and to a control group, but a meaning- 
address specific questions on ful one is difficult to achieve, 
aspirations, feelings about the The program attempted to 
program, or how to solve a labo- establish such a group with stu- 
ratory problem. These periodic dents who were not accepted for 
entries, she said, provide a the lower-division program, 
sense of how student thinking is Because the program actively 
developing. recruited underrepresented 

Tlie directors pointed out that minorities, the control group 
serendipitous data, too, can be ended up with a much different 
useful. Insight on the progress ethnic composition. Comparison 
and direction of the program is between the two groups was fur- 
offered by a faculty advisory ther limited by nonrandom 
committee. The activities most departures, with students leav- 
valued by siudents are revealed ing the control group more fre- 
in the level of competition for cer- quently than the program, 
tain program slots. The breadth When a control group is not 
of the program’s popularity v/as possible, the general student 
discovered when answers to a population provides a good corn- 
question on the application parison. Dr. Strick was able to 

showed that a strong informal locate campuswide data on stu- 

network was feeding local stu- dent grades and retention rates 

dents into the program. so that she had a general sense 

In addition, a system for track- of how students normally do at 

ing students after graduation is the University, 
needed to gather data about the When a cohort comparison is 
long-term effects of a science not possible, a time comparison 
education program. Once a year, can work. For that, transcripts are 
the program sends a question- needed to see how students per 
naire to students or their parents, formed before they entered the 
aiming to follow the students program. Undergraduates were 
through their graduate education asked to furnish high school tran- 
into first jobs. Although it is not scripts when they applied to the 
100 percent effective, the track- lower-division program, 
ing system has already proved for the outreach effort, how- 
useful in locating former partici- ever, program administrators ini- 

pants to interview for program tially had trouble getting 

assessment. transcripts for students in the 

three local high schools. If a stu- 
dent is under 18. both student 
Comparison Group and parents must give pennis- 

When planning an evaluation, it sion to access the school 
is helpful to set up a comparison records. After obtaining permis- 
group. The first choice would be «•<>«. administrators must 
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contact the schools ajjaiii to 
access the records. 

Program administrators creat- 
ed a release form to secure per- 
mission for access to student 
records, which is now used rou- 
tinely when high school students 
apply to the program. Actually 
getting those records from 
school officials, however, 
remained a problem until the pro- 
gram staff developed a relation- 
ship of trust with the schools. A 
key to building that relationship 
was hiring able program staff 
who were diplomatic, oi)en-mind- 
ed, and approachable. 



External Evaluation 

To establish the credibility of the 
program and to protect against 
bias, an external evaluation is 
essential. The evaluator should 
come from outside the depart- 
ments involv<-d with the program 
and preferably should have i)ro- 
fessional experience in assessing 
education programs and exper- 
tise in the evaluation techniques 
used in the social sciences. 

"To look at these issues and to 
be knowledgeable about using 
methods that we as hard-core sci- 
entisls don't know of is very 
imi)ortant,” Dr. Wieidiausen said. 
"I don't think we have the knowl- 
edg<' to do these kinds of evalua- 
tions, hecause they ar<' not the 
iiK thods that the hard-core sci- 
ences would use," 

Dr. Strick had no i>rior expe- 
rience with the program, but 
she had evaluated other educa- 



tion projects. She began by 
interviewing the staff about the 
goals and mechanics of the pro- 
gram, then analyzed the collect- 
ed data and gathered other 
information from people associ- 
ated with the program. 

Her extensive interviews — 
with students, parents, teachers, 
faculty, and program alumni — 
uncovered particularly useful 
information that had not 
appeared on surveys or ques- 
tionnaires. The interviews 
revealed how well-respected the 
high school outreach effort was, 
not just by science teachers, but 
by principals, guidance coun- 
selors, and even students not in 
the program who nevertheless 
felt it was something worth com- 
I)eting for. 

The interviews also turned up 
"unanticipated consequences," 
beneficial effects that were not 
explicit goals of the program. 
Dr. Strick learned that some 
ui)per-division students involved 
with the i)rogram’s research 
effort had met foreign scientists 
and had maintained contact with 
them in their home countries. 
She also found that the research 
ex])erience had persuaded a 
coui)le of students aiming for an 
M.I). degree to seek an 
MI), /I’ll, I). 

Dr. Strick conducted a singb' 
assessment afti'r the third year 
of the five-year iirogram. The 
timing was early enough to 
locate program alumni easily. 
Hut a later evaluation, she said, 
would have jirovided more infor- 
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Illation about their success in 
graduate school and the evolu- 
tion of their career plans. Having 
two external evaluations, a small- 
er one early and a larger one 
later, would resolve this dilem- 
ma. The earlier evaluation would 
also test the evaluation mecha- 
nism in time to make changes 
before the final assessment. 

Multiple external evaluations, 
however, are expensive. The pro- 
gram’s administrators empha- 
sized the need to find an 
appropriate balance between the 
resources devoted to program 
services and those earmarked 
for evaluation. 

One solution is to do periodic 
internal evaluations, bringing in 
an external evaluator once or 
twice over the course of the pro- 
gram. Another solution is to use 
an incremental external evalua- 
tion. In this case, an outside eval- 
uator would help plan the 
{'valuation and each year there- 
after conduct an increasingly 
broader assessment. 

riie first year would be devot- 
ed mainly to collecting data, 
which the evaluator would exam- 
ine to make sure the system was 
on track. Most of the evaluation 
would proceed in subseciuent 
y{‘ars, so the need for the evalua- 
tor would grow over the program. 



Benefits of Evaluation 

Program evaluations cost time 
as well as money, but the beiu’- 
fits have been worth the 
expense, the program directors 



say. Besides demonstrating pro- 
gram effectiveness and eliminat- 
ing questions of bias, evaluation 
has identified program strengths 
and weaknesses and has provid- 
ed authority to act on those dis- 
coveries. 

Activity assessment question- 
naires provide insight about 
what works best for students 
and what therefore might be 
repeated or expanded. A stu- 
dent who had participated in 
one of the program’s research 
seminars on genetic engineer- 
ing wrote that "the instructor 
made the class lively and very 
interesting all the time. Kven 
though I had little background 
in biochemistry, I’ve gotten 
hooked on the subject." Such 
evaluation information can be 
persuasive when asking faculty 
to offer a course again or to 
teach a new one. 

Similar questionnaires reveal 
how participating faculty feel 
about the program and its stu- 
dents. One professor wrote that a 
student in the laboratory appren- 
ticeship program "is interested 
and enthusiastic about the 
research. We continue to give 
him more responsibility with no 
worries. There is a very good 
chance we will fund him full time 
this summer." 

One student. Amara Siva, did 
research on the p53 gene, which 
is the most frequent target of 
imitations in human cancers and 
is involved in the development of 
both sporadic and some heredi- 
tary breast tumors. Her goal was 
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to determine the location and 
types of mutations found in 
metastatic breast tumors and to 
characterize these mutations. A 
comparison of these mutations 
with those found from primary 
breast cancer was done to find a 
possible correlation of the pro- 
gression of the disease with fre- 
quency and type of mutations in 
the p53 gene. 

Ms. Silva used the polym- 
erase chain reaction (PCR) to 
copy over and over again a 
selected portion of the genome, 
resulting in extensive amplifica- 
tion. Alterations (mutations) in 
the copied sequence shifted the 
migration of the PCR products 
through a polyacrylamide gel. 
(iel analyses showed p53 point 
mutations in four regions cod- 
ing for p53. Detailed nucleotide 
sequencing experiments are 
now under way. 

The continual evaluations — 
leality checks" — have led to a 
range of program corrections, 
from minor tweaks in scheduling 
activities to major changes in pro- 
gram and personnel. 

Student res|)onse has often 
indicated when the timing for a 
particular activity was off; a cer- 
tain event might be more effec- 
tive if set early in the quarter 
rather than during the week 
before finals. Student evalua- 
tions helped cxMivince the direc- 
tors to replace a high school 
outreach coordinator with some- 
one who provided a stronger 
role model and who had better 
rapport with students. 




Student and faculty question- 
naires also suggested a need to 
alter the faculty mentor pro- 
gram. Initially, the program 
matched all its incoming fresh- 
men with a faculty mentor. I'ac- 
u'‘.y members were unsure, 
however, about what to do with 
freshmen who were still search- 
ing for academic direction and 
had not yet declared a major. 
They wanted students a little 
more focused. As a result, stu- 
dents are now assigned to a fac- 
ulty mentor at their own request, 
and several program activities 
have been designed to help stu- 
dents develop and claiify their 
interests in science. 



High scliDoi studi'iit 
l)ari>l Sykes and his par- 
ents (right to left) 
attend an orientation 
s(‘ssion of the Tniversity 
of(‘alifornia-San Diego's 
Siimnu'f Scienct* t’anip. 



The Ethics of Evaluation 

The evaluation plan initially 
called for a control group com- 
posed of students who had 
ap()lied to the program but were 
not accc()ted. When it was 
decided to bring as many umh'i- 
represented minorities as possi- 
ble into the |)rogram. the 
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control group was left with little 
representation from these 
minorities, a situation that great- 
ly reduced its usefulness for 
evaluation. It was decided, how- 
ever, that providing services to 
these students is more impor- 
tant than the evaluation. 

Tlie two goals of providing ser- 
vices to students and conducting 
a rigorous evaluation need not 
present an ethical dilemma. With 
a range of techniques available, 
programs need not sacrifice ser- 
vice to conform to any one evalu- 
ation method. 

There is no one right way to 
assess a science education pro- 
gram, Dr. Strick concluded. Hval- 
uations can and should be 
customized to fit the structures 
and goals of a i)articular jiro- 



grani. But be sure to plan the 
evaluation from the start, use a 
multilayered approach, and bring 
in an outside evaluator. 

Program Director 

(iahriele WienhaustMi. I'ti.l), 

’n^nured Lecturer a!^<l 
.\ca(leinic ('oordinainr 
Department of 

I'niversity of California- ivui Die^(» 

La ,lolla.('A!»2l)!):M):rir) 



Institutional Profile 

Total enrollment \i\XuS 

rnderjtraduate enrollnn*nt 
Number of faculty menibei s li:>b 

Kndowment (millions) 

,\nnual budget (billions) 

'cam[)us 



ERIC Overview of Ai: 



ssment Strategies 




\ 



Overview of Assessment Strategies 
Wellesley College 



ellesley College is a private liberal arts institution in Wellesley. 
Massachusetts. In 1993 the Howard Hughes Medical Institute award- 
ed the College $850,000 in support of programs to attract and retain 
women in the sciences, to include the following components: (1) sum- 
mer research opportunities, in collaboration with a faculty mentor, for 
women and minority students underrepresented in the sciences; (2) 
equipment acquisitions to strengthen classroom and laboratory 
instruction in biology and chemistry at the introductory level; and (3) 
programs to enhance the quality of precollege science education. 



Women in Science 

As a women’s college, Wellesley 
is an ideal place to study how 
women become interested in sci- 
entific careers. Based on long- 
standing concerns about the 
underrepresentation of women 
in the sciences, Wellesley 
launched a research project in 
1991 entitled “Pathways for 
Women in the Sciences." This 
extensive project, supported by 
the Alfred P. Sloan P'oundation, 
is an exploration of the academic 
and personal factors motivating 
women to pursue scientific 
careers. The college has already 
translated some of the Pathways 
findings into concrete steps 
designed to retain students in 
the sciences. 

Chandra Miller, a 1994 
African American graduate from 
Wellesley, epitomizes Pathway’s 
findings. As a chemistry major, 
she performed HHMI-supported 
independent research in the lab- 
oratory of Dr. Jean Stanley. 
Associate Professor of Clu'iii- 
istry, where she undertook a 
conformational analysis of delta- 
lactone rings, orgiinic structures 



found in many natural products 
with therapeutic value. Mentors 
and hands-on research played a 
prominent role in cultivating her 
interest in chemistry. “After I 
took chemistry in my junior year 
of high school. I came to Welles- 
ley wanting to major in it. ...Not 
only have professors like l)e 
Stanley encouraged me. but 1 
was fortunate enough to have a 
graduate student take me under 
his wing one summer at the Uni- 
versity of Rochester and teach 
me everything about laboratory 
chemistry. This increased my 
confidence to work independent- 
ly in the lab." 

Ms. Miller entered a chem- 
istry doctoral program at the 
University of Texas at Austin in 
September 1994 with the expec- 
tation of teaching at the college 
level. She would like to promote 
science education at the high 
school If el “in retui u for the 
encouragement’’ she n-cvived 
(luring those years. 

Ms. Miller’s experieiice at 
Wellesley began the summer 
before her freshman year. She 
was a participant in tin- Summer 
Hnrichment Program, which is 
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partially supported by the 
HHMI grant, This is a four-wi'ek 
residential program for about IK) 
students who have been admit- 
ted to Wellesley, a majority of 
whom are underrepresi'iiti'd 
minorities. 

The in'ogram enhanees aea 
demie prt'pata'dness and si'lf- 
eonfideiU’{' for college entry. 
Students are offered noncredit 
courses in science, writing, and 
study skills. During this pro- 
gram. Ms. .Miller became 
ticquainted with Dr. Stanley. 



Yvonru* Wilson, a 
junior. ohsorNos the 
.growth of mouse 
adrenal cortex cells in 
(•ell culture while 
invest ij^atinj? the 
effects of the 
adrenocorticotro|)i( 
hormone on the activity 
of protein 
phosphatast's. 



who taught the science course 
and later encouraged Ms. Miller 
to join her laboratory. "I am 
thrilled at Chandra’s progress, 
and I know that the summer 
enrichment program jump-start- 
ed her academically,” said Dr. 
Stanley. 



Longitudinal Tracking 

The hallmark of the Pathways 
project is a longitudinal study of 
over .500 students entering the 
class of 1995. Longitudinal 
research has the advantage of 
closely tracking how career 
choices are shaped by events 
during the college yetirs. 
During the first phase of the 
project, a detailed questionnaire 
was given to students at three 
pivotal times — college entry, 
completion of introductory sci- 
ence and math courses during 
the freshman year, and midway 
through the sophomore year, 
when students are required to 
declare a major. Also studied in 
the first phase' were Wellesley 
science majors who graduate'd 
in 1983-lt)91 . During the sec- 
ond phase, which will be in 
progress for the next two years, 
more' than 2,500 We'lh'sley 
alumnae' who graduateel 
be'twe'e'ii 1 9(iS-lt)82, 40 pe'rce'iit 
of whom we're' scie'iice' majors, 
will he' surve'ye'ei, and the' entire' 
chiss of 1995 will be' followed 
tl •e)tigh gr;iehi;iti()ii anei six 
meenths beyeend. 
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Among the most important 
findings from the first phase is 
that many women begin college 
v/ith an interest in science, but 
fewer actually become science 
majors. The attrition rate is 
about 20 percent. In addition, 
few women who enter college 
with interests outside of science 
become science majors. Accord- 
ing to Dr. Nancy Kolodny, Dean 
of the College and Professor of 
Chemistry. "More women are 
•darting in the sciences, but we 
continue to lose them. ..It is so 
important to look more closely 
at factors that attract women to 
science and keep them there." 

The educational environment 
can make a difference in sustain- 
ing students’ interest in science. 
Pathways resi-archers learned 
that the 64 piTcent of the 
1983-1991 graduates who 
remained in science were more 
likely to have had mentors, role 
models, and hands-on research at 
the college. 



Mentoring for Minority 
Students 

Pathways has helped to reinforce 
or stimulate the need for mentor- 
ing programs, particularly foi‘ 
minority students. One of its first 
longitudinal analyses evaluated 
the students who took advantage 
of the summer enrichment pro- 
gram. It found that many of the 
participants began with positive 
attitudes about the sciences but 
experienced academic difficul- 



ties in the college math and sci- 
ence courses, where they per- 
formed at a lower level than in 
their nonscience courses. Very 
few of the summer enrichment 
program students went on to 
major in the sciences. 

This finding prompted Dr. 
Mary Allen. Professor of Biologi- 
cal Sciences and HHMi program 
director, to work with three of 
her colleagues on a new pro- 
gram to ease the transition of 
underrepresented miiKuaties to 
the rigors of academic life at 
Wellesley. First Year Minority 
Mentorships in Biology and 
Chemistry began in the fall of 
1994. Ten entering minority stu- 
dents are matched with Welles- 
ley faculty mentors and are 
given a HHMl-supported stipend 
for conducting research during 
their freshman year. In addition, 
the students participate in all 
laboratory-sponsored events and 
attend seminars and special 
workshops designed to intro- 
duce cutting-edge scientific con- 
ci'pts and promote study skills. 



Smaller Classes 

Many entering Wellesley stu- 
dents are now also benefiting 
from smallci' classes in scvc'ral 
introductory 1. iology and chem- 
istry cours('s. The need to 
replace large lecture classes 
w’ith smaller classes has long 
been recognized at Wellesley. 
.'\lmost 20 years ago. the Chem- 
istry Department decreased the 
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(’hristino Birchwood 
(Ibroj^round), ajuninr. 
pr(‘pan‘s a dot blot to 
detect thepres(‘nce of' a 
storage protein in 
cyanobactei ia. and 
Nicole .lai’flin. a senioi. 
obsem‘s. 



number of students in introduc- 
tory lecture sections. The fact 
that larjre classes discourage 
interest in science was later con- 
firmed by the Pathways project. 

With impetus from Pathways, 
the Biology Departaient has fol- 
lowed the example set by 
Chemistry. Starting in 1993, the 
two main introductory classes, 
Or^janismal Biology and Cell 
Biolojjy, have been reduced 
from about 300 to 3(i students 
per section. The need toi' inoi'e 
educational leehiioloj;y to 
aecommodate the increased 
lumiber of sections was inniiedi- 
alely apparent. The IIIIMI j^rant 



enabled faculty to purchase 
additional equipment such as 
slide projectors, video equip- 
ment, and computer hardware 
and software. Slides used in 
some lectures are being 
scanned into a computer library 
that is accessible to students 
through a campuswide comput- 
er network. "Because ol the 
new system, students have 
‘take-home’ lectures," said Dr. 
Allen, who is one of the faculty 
teaching Cell Biology. 

Wellesley uses many vehicles 
to track student careers, For ex- 
ample, Wellesley faculty and ad- 
ministrators routinely monitor 
the progress of the 50 percent 
of graduating science majors 
who received support as under- 
graduate research students 
under Wellesley’s earlier HUMl 
grant. Of the approximately 200 
students who received suppoit 
from 1989-1993, 28 percent 
have gone on to medical school, 
31 percent have entered gradu- 
ate school in the sciences, and 
19 percent have secured posi- 
tions in science. A high propor- 
tion of HHMl-supported stu 
dents remained in the sciences 
after graduation, emphasizing 
the role of hands-on research. 
Comparisons of the postgradu- 
ate career paths of HHMl-siip- 
ported and nonsupported stu- 
dents are planned. 

Dr. Kolodny remarked, "When 
we make changes, we at Wtdles- 
li'v are now more than ever 
iiwai'e that we should evaluate 
what we do." 
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2,24o 


rmierjtradnate enrollnient 


2,24o 


NinnlHM' of faculty nKUiilKUs 


221 


BiulownK'nt (millions) 


J>1!I4 


Annua! hud^iU (millions) 


S!)7 
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Student Tracking in Research and Prefreshman Programs 
Tuskegee University 



X uskegee University is a private historically black institution in 
Tuskegee, Alabama. In 1993 the Howard Hughes Medical Institute 
awarded the University $500, 000 in support of (1.) renovation of biol- 
ogy and chemistry teaching laboratories and creation of a learning 
center emphasizi computer-based instruction in biology and 
chemistry, and (2, expansion of a program that provides students 
with prefreshman laboratory and classroom training in the sciences, 
ongoing courses and seminars to strengthen research skills, and 
research experiences at university, governmenl. and other off-cam- 
pus laboratories. 



An Early Nurturing Program 

Tuskegee University received 
its first grant from the Institute 
in 1988, to support the Educa- 
tional Nurturing of Highly Aca- 
demic National Candidates for 
Excellence in Science Program. 
According to Dr. Ollie C. 
Williamson, Dean of the College 
of Arts and Sciences and the first 
HHMl program director, "The 
goal of the program is to stnuigth- 
en the national quality of under- 
graduate education and research 
in biology...." In particular, he 
added, the program has aimed at 
"increasing the number of [gradu- 
ates! who go on to research, to 
teaching care(*rs in medicine, 
health sciences, and the biologi- 
cal and related disciplines — and 
increasing the number of minori- 
ty students who choose these 
fit'Ids.” To assess these el forts, 
Tuskegee is tracking the first 
groups of partici|)ants. In 1993 the 
University received a second 
grant from HHMI, which contin- 
ues the nurturing etfort, 

Id-om 198t) to 1993. the pro- 
gram has attracted about 30 stu- 



dents to the Tuskeg('e campus 
each summer for an eight-week 
session. Tlie heart of the program 
is an interdisciplinary course in 
molecular biology, biochemistry, 
and genetic engineering that fea- 
tuivs loi'tures and demonstrations 
by scientists from other universi- 
ties, industry, and government 
agencies. Students also participate 
in hands-on laboratory sessions. 
In addition to the science course, 
they enroll in honors courses in 
English and mathematics and are 
actively involved in a general pur- 
pose computer course. 

During the summer of 1993, 
groups of four students conduct- 
ed an experiment using Wiscon- 
sin East Plants. This experiment 
was developed by Dr. Paul 
Williams, a plant pathologist at 
the University of Wisconsin - 
Madison, riie accelei'ated cycliiig 
of the Brassira mfm (rape) plant 
is demonstrated in approximately 
■1 -,5 weeks, whereas the normal 
life cycle would be several 
months, (rennination, fertilization 
and nutrition, pollination (using 
simulaled Dees), and fruiting 
occur raiiidly, allow ing the experi- 
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nient to be coiiipletecl during tlie 
normal period of a class project. 

Although the applicant pool for 
the summer program reflected 
the nationwide range of high 
school students attracted to 
Tuskegee, half of the 77 partici- 
pants were drawn from Alabama 
and neighboring states. Students 
are chosen on the basis of their 
high scholastic record, a grade 
point average of S.O or higher, 
and combined SAT scores of 
1000 or better. 

During 1089-1992, the pro- 
gram was targeted to precolleg(> 
students who planned to continue 
at Tusk(>gee as undergraduates. 
Some, however, changed their 
minds 'uid attended other col- 
leges and universities, according 
to l)t. J. H. M. Henderson, Profes- 
sor of Biology and Chairman of 
tiie Natural Sciences Division and 
current HHMl program director. 
Many understandably chose 
those that offered the best schol- 
arships or other incentiv(‘s. Over- 
all. nearly half the participants 
continued at Tuskegee. 



Tracking Prefreshmen 

Dr. Henderson and his col- 
leagues "have attempted to find 
out what the students have 
done." He pointed out that the 
uiei'hanism for tracking is rather 
labor intensive. The first contact 
is made by mail, but in almost all 
cases the students must !),■ fol 
lowed u|) by telei)hone, mainly in 
the evening, silica* nuiny arc* not 
at home during normal working 



hours. I'he students who keep in 
touch with each other help with 
referrals. This method, while 
laborious, allows for almost com- 
plete coverage, and the results 
are quite satisfying. 

Most of the students who par- 
ticipated in the program have 
done very well. In fact the niajo’-- 
ity of those who continued at 
Tuskegee have had excellent 
research experiences in the sum- 
mer, and those who have gradu- 
ated from Tuskegee have usually 
received honors or high honors. 

One student spent the sum- 
mer of 1990 at the University of 
Michigan in the laboratory of 
Professor John Kuwada of the 
Departnu*nt of Neurobiology. 
'I'he laboratory was concerned 
with measuring the growth of 
axon cones and dendrite devel- 
opment as influenced by several 
antibodies as markers. 'I'o 
demonstrate this, zebra fish were 
used as experimental animals to 
determine whether floor |)latc* 
cells influence the direction of 
axonal growth during ('iiibryonic 
sttigc's. Mutant fish that hickc'd 
floor plate cells dic'd bc-causc of 
axonal malfunction. 

The* retention rate in the sci- 
ences hits vtiried considc-rttbly 
from one year to the next, 
ticcording to Dr. Hc'iidc'rson. For 
insttmec', of the* 19 students who 
l);irticii)at(*d in the prognmi dur- 
ing the* sumtiK'f of 1989, 12 coti- 
titiued :it ruskegec*, tnost of 
them tntijoring c'ither iti biology 
or chc'tnistry. Of the 18 students 
iti the 1990 summer group, only 
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() remained at Tuskegee. but 3 
did very well as biology majors. 

Ten of the 20 students in the 
1991 summer program stayed at 
Tuskegee as biology majors and 
did well. Other members of that 
summer group attended schools 
such as Stanford. Spelman, 
Xavier. Clemson. Yale, and the 
University of Alabama. In 1992. 
12 of the 20 summer partici- 
pants continued at Tuskegee. 
with all but one majoring in 
biology or Ciie.ni,,;rv and main- 
taining a high gi ade point aver- 
age. Overall, most participants 
in the first four years of the 
summer program have thrived 
in college, and the great majori- 
ty have pursued biology or 
other science curricula, includ- 
ing biochemistry, chemistry, 
and chemical engineering, 

In the class of 1989. (>f which 
over half remained at Tuskegee 
University, two of the students 
graduated in 1993. One is in his 
second year of medical school. 
A 1994 graduate anticipates 
going to graduate school in 
199f) after a year in clinical 
research. Three have api)lied to 
medical school and are awaiting 
acceptance. Two graduated in 
1994 in chemical engineering 
and are awaiting graduate 
school in the fall. Two are cur- 
rently in research positions, one 
at Oak Ridge, the other at the 
l.ife Sciences Division of the 
I.os Alamos National Laborato- 
ry. Another graduated with high 
honors in accounting. 



A Shining Example 

Dr. Henderson points to one of 
the prograin’s students. Stephen 
NurseFindlay. with special pride. 
"Steve, who is a fantastic student, 
is a shining example of how the 
program works." Dr. Henderson 
said. Not only has Mr. Nurse- 
Findlay done very well in course 
work and extracurricular activi- 
ties on the Tuskegee campus, he 
has also conducted research over 
several summers at several insti- 
tutions. Mr. Nurse-Findlay’s sum- 
mer research began in 1991 with 
Dr. (1 R. Hageman of the 
Itei)artment of Physiology and 
Biophysics at the University of 
Alabama at Birmingham (UAB). 
His investigations involved basic 
clinical |)rocedures and the use of 
various eciuipnumt such as the 
multichannel i..)lygraph and the 
286 computer. He learned sucli 
techniques as arterial and venous 
catheterization, bilateral thora- 
cotomy. and placement of elec- 
trodes and force gauges onto 
atria and ventricles of the heart. 

His second summer was siieiit 
at the Roswell Park Memorial 
Institute Center for Photodynam- 
ic Therapy, wheri' he worked on 
chai'acteriziiig the effect of i)ho- 
todynamic therapy on human 
pancreatic cells i>i vitro. This 
in vitro assay involved liasic 
cell culture tcchiiiciues using 
I’allier com|)licated lascf align- 
ment. radioactive labeling, atid 
coutiting techtii(|ues Mr, 
Nurs('-I''indlay cotiipleted seven 
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experiments, six of which were 
fully evaluated and showed 
excellent reproducibility and cor- 
responded with initial findings in 
the laboratory, I'or his oral pre- 
sentation of the work, he 
received Roswell Park’s Sidney 
Parber, M.D.. Award for Out- 
standing Excellence. 

Mr, Nurse-Eindlay spent the 
sumniei of 1993 at the New 
York University (NYU) Medical 
Center Sackler Institute of 
Oradu'.ite Biomedical Sciences. 
He was assigned to the labora- 
tory of Dr. Elizabeth Neucomb 
of the Department of Pathology 
to v'ork on a project concerning 
the characterization of p53 
gene expres 'ion in luinian cell 
lines. This research is de- 
scribed in a manuscript entitled 
“Characti-rization of p53 (iene 
Expression in Human Cancer 
Cell Lines" by Stephen Nnrse- 
I'indlay, Anju 'riionias, , nd Eli/- 
alii'th Neucomb, 



In the summer of 1994 Mr, 
Nurse-Findlay worked in the 
laboratory of Dr. Joan Gover- 
man at the University of Wash- 
ington Center for Molecular 
Biotechnology. Dr, Governian’s 
laboratory focuses on two 
areas: first, how T cells mature 
and acquire immunological tol- 
erance to self-directed antigens: 
and second, h('’.v T cells specific 
foi myelin basic protein, a pre- 
dominant protein on the myelin 
sheath of the central and 
|)eripheral nervous systems, 
produce exi.ierimental allergic 
encephalomyelitis. 

Other program participants 
have done research at various 
institutions, including universi- 
ties, national laboratory facilities, 
and private sector laboratories. 
For example, those who enrolled 
at Luskegee have spent sum- 
mers at Case Western Reserve 
University, Los Alamos National 
Laboratory, the University of 



Participants in 
Tuskegce t^niversily's 
1992 summer research 
program came from 10 
states. The class 
included (front row, left 
to right) Helishia 
McLauchin, North 
Carolina; Terrance 
Smith, Georgia; Kimbley 
Thomas, Georgia; 

Tiffany Bridgeman, 
Mississippi; [)r.,J. H. M. 
Henderson, program 
director; Nicole Bell. 
Mississippi; Matokie 
Willis, Alabama; 
Solomon Yilma, 
California; Dalphine 
Wilson, Alabama; and 
Tillery Wilhite. 

Alabama. Standing 
behind them are Lolela 
Harris, Tennessee; 
Werdy Cooke. South 
Carolina; Bmmitt .lolly, 
Alabama; Yvonne Harris. 
Alabama; Wesley O'Neil. 
Florida; Leslie Gib.son. 
North Carolina; Latoya 
Sawyer, Georgia; Shelby 
Alexander, Tennessee; 
Shawn Hockaday. 
Alabama; and Kimberly 
Law, Louisiana, Not 
pictured is Crystal 
Gilbert, Michigan. 



,'200 



Tiiskogee University 177 



Michigan, the University of 
Washington, and Ciba Geigy Cor- 
poratic i. Moreover, many of the 
summer participants have done 
research during subsequent 
summers with faculty members 
at Tuskegee. 

Emmitt Jolly of the class of 
1992 worked in the lab of Dr. Jer- 
rie 'Hiompson in the Department 
of Biochemistry and Medical 
Genetics. IIAB. His research was 
on Batten’s disease, a neuro- 
degenerative disease that results 
in lack of muscular control, espe- 
cially in children. A key com- 
pound involved in the disease is 
sialic acid. 'Hie question is what 
role it plays in the lysosomal 
degradation of glycosaminogly- 
cans. The disease remains 
unabated, but results show that 
levels of sialic acid may i)lay a 
role in its alleviation. 

In the summer of 1994, Mr. 
Jolly did research at the Universi- 
ty of California San Francisco 
Medical School in molecular biol- 
ogy involving phosphorylation of 
a transcription factor. PH04, by a 
cell division kinase complex, 
using mutants of E. coli. 

Solomon Yilma worked in the 
clinical virology lab of Dr. Sub- 
liendra Chatterjee at UAB. His 
research was involved with the 
effect of mouse interferon on the 
reiilication of herp(“s simplex 
virus type 1 in niouse-fibroblast 
cells. The objective was to eradi- 
ate tlu' virus with intei lVron. llie 
experiments resulted in the 
blocking or irartial blocking of the 
inhibitory effect of mouse inter- 



feron by preventing the activation 
of interferon-induced genes. 

At NYU Medical School, Mr. 
Yilma is studying how ribosomal 
RNA transcription starts in the 
yeast Schizosaccharoniyces 
pombe. Mr. Yilma’s research, 
under the direction of Dr. loiuise 
Pape, is entitled “Transcriptional 
Analysis of S. pombe Ribosomal 
Promoter Region." 

Kimberly D. Law. who partici- 
pated in the prefreshman pro- 
gram in 1992. attends Prairie 
View A&M University in Texas. 
She is also doing research in the 
Summer Undergraduate Minoi ity 
Research Program at NYU under 
the direction of Dr. Noaka 
Tanese. Tiie title of her project is 
“Mechanism of Transcriptional 
Activation of Glutamine-Rich Acti- 
vators CREB and Spl." Her 
research involves the qualitative 
interaction of transcriptional acti- 
vators and a human multiprotein 
comi)lex. 

Program I)irrc*or 

■1. II. M. ll(Mul(Tson. 1‘h.l). 

IM’fifussnrof Hiolng>- and 
Chainiian, Natural Sci(‘n((‘s Divisinn 
('aivcr Hfsparch Foundation 
lusk(‘^t*p I'nivcrsity 
Tuskp^up ' istitutiL Alahama ddtiss 
(:m)727-SlJ4 

(27 SS7d (laboi aloiy) 
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T 

X he University of Michigan-Ann Arbor is a public research institu- 
tion. In 1992 the Howard Hughes Medical Institute awarded the 
University $1,400,000 for support of a program to (1) attract and retain 
students early in their academic careers by providing summer and 
academic-year laboratory research experiences in the biomedical sci- 
ences to first- and second-year undergraduates, as well as enhanced 
advising and tutoring: (2) provide upper-division biology students with 
in-depth research experience through a new "project laboratory" 
course offering open-ended investigations in genetics and molecular 
biology; (3) enhance the use of computer technology in science edu- 
cation for use in student tutorials and other purjxises: and (4) upgrade 
equipment for instructional laboratories in such fields as microbiolo- 
gy, developmental biology, and physiology: and establish a new course 
in neuroscience for nonscientists. 



Research Partnerships 

Prior to receiving HHMI funding, 
the University of Michigan pilot- 
ed the Undergraduate Research 
Opportunity Program to increase 
the retention and improve the 
academic performance of under- 
represented minority students at 
the University. The assumption 
was made that high attrition rates 
for underrepresented minority 
students are derived from their 
failure to become involved in the 
academic mission of the 
University. Therefore, students 
were given the opportunity to 
jiarticipate in research partner- 
ships with faculty during the aca- 
demic year and summer. 

HHMI funding has enabled 
the program to ('xpand its enroll- 
ment and has increased the 
number of research ojiiiortuni- 
ties throughout the iinivei'sity. 
Projects are available in biomed- 
ie;d, biological, and allied hetdth 
research. 



'I'he participants receive addi- 
tional support through extensive 
peer advising and research peer 
groups. Groui)s of 2()-2ri stu- 
dents meet twice a month to 
learn about one another's 
research and to discuss contro- 
versial or timely biomedical 
issues. Graduate students, med- 
ical students, women scientists, 
medical researchers, and stu- 
dents in joint medical/doctoral 
programs are invited to speak. In 
addition, the sessions include 
workshoi)s on time management 
and resume writing. 

Dr. Michael M. Martin, Associ- 
ate Dean, College of Literature, 
Science, and the Arts, and HHMI 
program director, explained that 
the focus of tlu’ research progi'am 
is on Ireshmeii ai.d sophomores, 
especially women and underrepre- 
sented minority students, who 
have an interest in sciciae careers. 
Lunding from llliMI directly siij^ 
ported (id students during the 
UlfG-l‘)tl4 academic year. 
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Jessic a Reynolds, an 
undergraduate at the 
Tniversity of Mic higan, 
presents her award- 
winning postc*r. 



Students have worked with 
faculty members in research lab- 
oratories at the University's Med- 
ical School, School of Nursing, 
School of Dentistry, Division of 
Kinesiology, and College of Kngi- 
neering (bioengineering), at the 
V^eteran's Administration Hospi- 
tal, and at private biomedical lab- 
oratories. More than !).')() faculty 
members sponsored students in 
their laboratories during the 
1993-1994 academic year. 

Scudent research projects 
span a wide range of topics— 
t'.g.. l.yme disease, the role of 
the immune system, and th(' psy- 
chology and neiiroendocrinolo- 
gy of menstruation. Students are 
< lu'ouraged to present theii' 
results at national and local 
I'onferences. Jessica Heynolds 
l)resented a paper entitled 



"Contributions of Individual 
Motors to Rat Walking Track 
Parameters" at the Fourth Annu- 
al Conference of the American 
Society for Peripheral Nerves 
sponsored by the Albert Kin- 
stein Medical Center. Stephanie 
Donaton was inviied to present a 
poster entitled "Role for the Hip- 
pocampus in Kxercise-Induced 
U'ngthening of the Pt'riod of the 
Hamster Rhythms" at the 
National Conference on Under- 
graduate Research. Allison 
Davis gave a paper at the same 
conferenci' on her evaluation of 
tlu' t'xercise component of a 
weight program. 

According to Sandra 
(iregnmiaii, program coordina 
tor, "the ability to offer |)aid |)o 
sitions to minorities and women 
so that they get to know what 
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hands-on research is a*l about 
has been .ibsolutely invaluable 
to the success of the program. ’ 



Tracking and Evaluating 

I'o evaluate the effectiveness of 
the University’s undergraduate 
research opportunities pro- 
gram. Ms. Gregernian, Ratnesh 
Nagcla--a graduate research 
assistant, and their colleagues 
developed instruments to evalu- 
ate several aspects of the pro- 
gram: student retention to 
graduation, academic perfor- 
mance (including course selec- 
tion patterns as well as grade 
point average), student atti- 
tudes tow'ard learning and their 
own academic capabilities, the 
ini|)act of the partnerships on 
faculty sponsors’ attitudes 
toward women and minority stu- 
dents. and the operation of the 
program, indicating how ser- 
vice to students and faculty can 
be improved. 

The ex|)erimental group 
included students who applied 
and were admitted to the pro- 
gram. and the control group 
included those who ap|)lied l)ul 
were not admitted. Kvaliiation of 
academic outcomes has I'evealed 
encouraging preliminary results 
in regard to retention, grade 
l)oinl averages, and coiirst- selec- 
tion |)atterns for students in the 
research |)rogr,mi: 

■ Students who |)artici|)ated in 
the pi'ogram had an attrition rate 
h.;; pei'cent lower than that of all 




underrepresented students in 
the University (Ih.t) percent vs. 
20.0 percent). 

■ African American students in 
the program had an attrition 
rate .'ll percent lower than 
African American student.^ in 
the control group (9.2 percent 
vs. KS.ti percent). 

■ None of the white and Asian 
|)articipants who had low gi'ade 
point averages withdrew from the 
University; but 12 |)ercent of 
those in the white and .Asian con- 
trol group (lid. 

■ .Among ill) the |)n)gram j)ar- 
ticip.ints, the grade jxiint aver- 



DaRhon Connor, a 
Howard Huf?hes SunirntT 
RoM'arrh partiripaiit. 
ptahsonts his rt'st‘arch 
"An Kxploraton- 
Siiidy of Natural 
I’n of Modicinal 
Value from Riant s“ at 
the spring research 
symposium. Mr. Cmmoi 
is working with Ur. 

Reter Kaufman. 

Rro|'os.st»r of Hiolo^ amt 
Riant (’hysioloX). in 
i ollahoration with the 
Warner I.amlieri Rarke 
I)a\is Rhannaccijfical 
r<iinpaii>. 
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age was raised by (> pereiMit 
(2.58 vs. 2.75). 

■ African American sUiclenls in 
tlie program had a grade point 
average 7 percent higher tlian 
African American students in tlu- 
control group (2.59 vs. 2.51). 

■ 'I'lie program seems to be liav- 
ing an effect on self-esteem, coi> 
ing strategies, and expectations 
about academic performance, 
esnecially for the African 
American students, 

■ More of the underrc'presented 
minority students tlian students 
in tlie control group indiLated a 
feeling of support from the 
I'niversity. 

The results of the survey were 
presented in June 19t/4 at the 
Seventh Annual National Confer- 



ence on Kace and Kthnicity in 
American Higher Kducation. held 
in Atlanta, (leorgia. 



Program Director 

Mii lwelM.Miirliii. I’li.l) 

,\ssociatH l)(*an, I'ndHi'^radiiati* Kdiiralitin 
\S^\ Builfiin^ 

I 'liiuTsity of Micliif^an • ,\nii Arl)oi' 
,\iinArl)nr. MNSlo!MdS2 
(:U:})7(14-0:i22 
(:U:MT()4-2(td7(t'a\) 

M\1M(TI\(<M M.tV.i MU !l,i:iH (BillUd ) 



Ini^iitutional Profile 

'Idlai HiindlniHiU :i(>.22N 

rn(ii*rm’aduaU' (’iirollnii'nl 2d.!2<> 

Niimh(*r nl'i'acidlN iiihiiiIm'i ^ 4,no:{ 

Knd'iwim'iM {milliniis) S4^7 

Amiiia! biul.i’i'l (hillicns) 



COo 



Student lYaeking in Kestnurh and Prel'rt'shntan Programs 



student Tracking in Research and Prefreshman Programs 
Williams College 



VVilliariis College is a i)rivat(‘ liberal arts institution in 
Williamstown, Massachusetts. In 199il the Howard Hughes Medical 
Itistitule awarded the Collefre SbOO.OOO in support of (1) equipment 
for introductory biology laboratories and classrooms, and equipment 
for interdisciplinary biology programs in neuroscience, biochemistry, 
and molecular biology; (2) outreach activities, such as the exi)ansion 
of a high school outreach i)rogram and develoi)ment of an elementary 
school outreach program involving curriculum development; and CD 
an expanded summer research program for undergraduates, 



Why Track Students? 

Two years after starting their 
Iirogram under a 1991 grant from 
the Institute, facidty at Williams 
College saw some intriguing 
developments that led them to 
begin formally tracking a select 
groiq) of students. 

One was a litikage that had 
obviously vleveloped among sev- 
eral of the activities, 'I'lie names 
of the same studemts kein ai)pear- 
ing on different activity rosters, 
suggesting that tlu' i)rogram had 
succeeded in creating a sui)port 
network for th(*m. 

The otluM' was a dramatic rise 
in biology enrollments. Those 
for the introductory se(|uence 
had nearly doubled since the 
start of the iirogram, and enroll- 
ments in ui)per-level Inology 
courses sliowed similar growth. 
Retention was up, loo, as 
reflected by inciaaised numbers 
of students majoring in the sci 
ences. The i)ercentage incre;ise 
of women and underi'epicsent- 
ed minority students was the 
most stinking. 

The enrollment increases 
and the linkage among its activi- 
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ties indicated that the 1991 and 
199D programs mi,dit be doing 
what i)lanners hoi)ed they 
would do: recruit and retain 
women and underrepresented 
miiKjrities in the sciences, I'ac- 
ulty therefore decided to track 
students in a i)refreshman i)i'o- 
gram, aiming to cpiantify the 
linkage and see if the* i)rograms 
were actually contributing to 
the enrollment increases, 

"We have some really interest 
ing indications,” said Dr. Steven 
.1. Zottoli, Professor of Biology 
and HllMl i)rogram director. 

Science Majors at Williams ('ollcge 
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Su minor S( ioiuo 
studonts Hamona 
Nioholson (left) and 
Elizabeth McCray (ri^bt) 
working with faculty 
member David 
Richardson in the 
chemist 17; lain union. 




‘That's exciting. But as director, 
I'd like to know what's working 
and what's not working and how 
we can improve on it." 

In seeking his answers. Dr. 
Zottoli is capitalizing on a dis- 
crete group of students that can 
easily be tracked: participants 
in the Summer Science Pro- 
gram for Minority Students 
directed by Olga R. Beaver, 
I’ll. I). Professor of Mathemat- 
ics, which has brnm strength- 
ened and exi)aiKk‘d by the 19P1 
HllMl giant. Hach year, the 
Summer Science I'rogram 
lirings to campus 12 to 11 
underrepresented minority jire- 
freshmen who have been admit- 
ted to Williams and who are 
interested in science, h'or five 
weeks, these students ai'e 
immersed in college life, attend- 
ing classi's in clieniistry, matlie- 
matics. and Knglisli, as well as 



laboratories in biology, chem- 
istry. and geology. 

The chemistry component, 
lor example, provides an acceler- 
ated exposure to the material 
covered in introductory clu'in- 
istry given during the school 
year. Ix'Ctures on topics such as 
eciuilibrium processes are 
matched with discovery labora- 
tory exercises on tlu* same sub- 
ject matter. Tlu“ idea is to helj) 
students feel so comfortable on 
campus and in thtur studies that 
they will go on in both collegt' 
and science. Other programs, 
such as a Math and Science 
Resource Center, helj) the stu- 
dents after they enter college. 

Tracking the Summer Science 
students is new. Nevertheh'ss, 
two fat'tors ai)i)ear essential to 
the effort's suecess: a select jxip 
ulation of students that can be 
i(lentifi('d by name, and ('arly 
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planning of ways to colloct data 
after graduation. In tliat regard, 
an interview with the graduating 
seniors may increase the effec- 
tiveness of tracking them. 

llie Math & Science* Resource 
Center exemplifies the type of 
activity for which it is difficult to 
track student participation. The 
tutors there help more than ,500 
student visitors each semester 
with introductory courses in 
biology, chemistry, mathemat- 
ics, and physics. Such programs 
typically do not register the 
names of participants, and stu- 
dents are often reluctant to vol- 
unteer information. 

‘The best you can do is gt*t a 
survey report," Dr. Zottoli said, 
“'riie data are clouded by those 
who refuse to answer, and you 
can’t tell who wasn’t present and 
who refused to do the survey. So 
it’s interesting information, but 
it’s very limited." 

The Summer Science stu- 
dents, whose identities are 
known, are more easily tracked, 
however. After these students 
start regular classes, their 
names can be checked against 
lists of those who do summer 
research, become tutors at the 
Resource Center, or participate 
in other science activities. For 
example over the past threi* 
years. 11 percent of the 
Resource Center tutoi's had par- 
ticipiited in the Summer Science 
Program. 

Because the Summer Science 
Program started in 10(S7, com- 
Iiarison data :ire iivailable to de- 



termine whether HHMl-sup- 
ported programs have increased 
the program’s effectiveness in 
retaining underrepresented mi- 
norities in the sciences. The pre- 
liminary data are encouraging. 
Specifically, the percentage of 
underrepresented minorities at 
Williams College who have de- 
clared science as a major has in- 
creased from 9 percent during 
the 198,5-1986 academic year to 
a current level of 14.9 percent. 

"Tracking allows us to get an 
idea ef the student involvement," 
Dr. Zottoli explained. "Since one 
of the goals of the program and 
the College overall is to try to 
recruit and retain minorities and 
w'omen in the sciences, |thel 
Summer Science 1 Program 1 
seemed like a good opportunity 
to assay wlu'ther that was actual- 
ly haiipetiing." 

Tracking this group of stu- 
dents has been very time-con- 
suming. Time expenditures 
were high during initial data col- 
lection and have risen again 
while the data are being ana- 
lyzed. The question now appears 
to be how to establish a mean- 
ingful database and develop a 
control group for comparison. 



Benefits of Tracking 

Although a formal analysis has 
not been coimpleted, tracking of 
the Summer Science students 
has generated anecdotal evi- 
dence that, at the college-entry 
level, the program is attracting 
students to science and holding 
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Laui*(‘n Araiza, (in‘|^ 
(Yowl her. and \'y Bui 
(left to ri>»lu) working in 
Dr. Daniel Lyiich’.s labo- 
rat«»r\. 




tlu*m. Tlu’ percent of Summer 
Science students noing on to 
major in tlie sciences is now 
over 70 percent. 'I'lie data liave 
also sunnested ways in wliicli 
the |)ronram minht l)e improved. 
One involves encouraninn these 
students to |)articii)ate in 
research. 

'I’he next level of the HHMl 
IM'onram due for tracking is the 
research experience, which 
iiK’ludi’s both minorities and 
women. Said Dr. Zottoli, "What 
I'm tiettiiiff from looking at these 
numbers is that we could proba- 
bly do a better job of advertising; 
|the llll.Vll proj;raml to make 
sure that those students we 
attracted at the introductory level 
learned of these o|)portunities 
and were elieouraned to enter 
into them." 

For example, two students, 
l.aun 11 Araiza and 'I'y Uni, who 



attended the Summer Science' 
Program in 1991k were awarded 
research sti|)ends tlu' sumnu'r 
following their freshman year. 
Their research, conducted 
under the mentorshii) of Dr. 
Daniel Lynch, Assistant Profes- 
sor of Biology, focusc'd on stud- 
ies that should hel|) determine 
the function of jilant membrane 
sphingoli|)ids. The students first 
learned basic techniciues in the 
I'xtraction and identification of 
the lipid compounds. 

Subseciuently Ms. Bui hel|>ed 
design a project that focused on 
delineating the metabolic path- 
way of sphingolipid formation 
using radioactive serine, and 
Ms. Araiza began a transmission 
electron microscoiiic study of 
the effects of a mycotoxin, 
fumonisin, known to intennipt 
the s|)hingolipid pathway and 
cause degraihition of plant tis- 
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sue. Thest' students were given 
an opportunity to participate in 
ongoing faculty research the 
simmier before their sophomore 
year at Williams. It is hoped that 
this special experience will 
direct their future carc'er choic- 
es toward science. 

Dr. Zottoli hopes that track- 
ing will ultimately indicate that 
HHMl-funded programs have 
ludped the minority Summer 
Science students successfully 
pursue careers in science. Such 
a finding would be very signifi- 
cant to the i)rogram and to 
Williams College as a whole. 
Tracking those students may 
also provide some indication of 
how other stiuUmts might bene- 
fit. although l)r. Zottoli admits 
that such generalizations are dif- 
ficult to make. HHMl program 
benefits to the students as a 
whole, however, might be better 
assessed through enrollment 
figures, retention rates, and 
other data. 

Dr. Zottoli cautioned that 
tracking data only provide indi- 
cations of success and may even 
be misleading. If some i)artici- 
l)ants go on to study law. would 
it indicate failure because they 
didn't go on in science? Or 
would it indicate smcess to 
I'hange the outlook of a student 
who may later i)ursue a career 
in environmental law or othei' 
lields dealing with social issues 
related to the sciences? These 
issues need to be considered 
carefully in judging science edu- 
cation i)rogr<ams in generttl. 



“That’s really important, 
because one of the goals of the 
program and. I think, of any 
institution is science literacy." he 
said. ‘The problem with tracking 
in general (is that] you’re led by 
the data. You may be missing 
other subtle things." 



Tracking After Graduation 

(Qualitative data will be gathered 
when the Summer Science stu- 
dents leave Williams. The first 
cohort of students supported by 
HHMl programs will graduate in 
199,T Surveys, questionnaires, 
and senior exit interviews are 
being considered for tracking. 
Whatever techniciues are decid- 
ed upon, they will be adminis- 
tered for the most part through 
the College’s highly effective 
alumni tracking system. 

"We keej) central files on all 
our alumni." said Mary Kllen 
Czerniak, Director of Coiporate 
and Foundation Relations. “For 
9,b percent of them, we have* up- 
to-date addresses, and we stay in 
touch through an active alumni 
network. They i)rovide us with 
information on where tliey’re 
working, where they’re going to 
school, and the advanced 
degrees tluw have earned." 

Fvery three years, the alumni 
office sends out a riuestionnaire 
to ui)date information in the 
alumni directory, and over 7.'i 
IH'i'cent of the alumni resixmd. 
This survey, the centr:d :dumni 
database, and new address infor- 
mation sent by the ])ost office 
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when the quarterly alumni maga- 
zine is mailed all play key roles in 
the tracking system. 

Tracking effectiveness is fur- 
ther helped by the strong commit- 
ment of alumni to stay in touch 
with the College through alumni 
organizations. Wlu*n they gradu- 
ate. each class elects a president 
and other officers responsible for 
maintaining contact among class 
members via the alumni magazine 
and in other ways. Over the past 15 
years, a second-tier alumni net- 
work has been evolving with the 
(U'velopment of affinity groups of 
minorities. 

A mechanism for tracking tin- 
Summer Science studi'iits will be 
modeled on the alumni system, 
fhe mechanism may involve a 
(luestionnaire and interview 
before students leave campus and 
mail and telephone interviews 
afterwards. 

Kxit interviews for the seniors 
are being planned for 1995. Stu- 
dents would be asked specific 
(jiiestions such as which ])ro- 
grams they participated in. what 
till' deficiencies wt-re. why they 
(lid not participate in some pro- 
grams. which ones made them 
feel more comfortable, or what 
factoi's helped them decide to 
study and continue in science. 

I'ollovv-u]) ciuestions would 
focus on student views of their 
undergraduate educiition as well as 
their experience since then. Foi- 
example, students might be asked 
about their exiierieuce in gi’adiiate 
school and how it differed from 
thi'ir undergraduate research. 



‘niie exit interview could be crit- 
ical to developing a commitment in 
students to stay in contact with the 
college," Ms. Czerniak said. "'I'hat 
is where you neeo to tell these stu- 
dents. ‘Your experience is impor- 
tant to us and it’s going to help 
others who come after you. so 
would you be willing to share it 
with us and stay in touch during 
the next (few) years, keep us post- 
ed on whafs happening?"’ 

The tracking situation at 
Williams College is unusual in hav- 
ing a pre-existing population of 
stuck'iits to follow and a well-estab- 
lished alumni tracking system. But 
focusing on a select group ot stu- 
dents and devising a postgraduate 
tracking mechanism would be use- 
ful tor such ati effort. 

“Each institution is going to 
have its own problems to over- 
come with the numbers and the 
types of programs they have." Dr. 
Zottoli said. “Some of our experi- 
ences will give them ideas that 
will help." 

Program Director 

Slcvi'H .1, /jiltoli. I’ll. I), 
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Curricular Reform: How Well Is It Working? 
Bates College 



Bates College is a private liberal arts institution in Lewiston. Maine. 
In 1991 the Howard Hughes Medical Institute awarded the College 
.S9()().0()0 for a program comprising (1) summer research opportuni- 
ties. with support for individual student ])rojects and collaborative fac- 
ulty-student research: (2) major revision of the introductory curricula 
in biology, chemistry, physics, and mathematics that will involve the 
integration of these fields and enhancement of the laboratory 
research component of these courses: (il) development of the inter- 
mediate and advanced biology curricula, with new courses in bio- 
physics. biopsychology, biochemistry, and other relevant areas: (4) 
the acquisition of teaching and laboratory equipment and library 
resources to implement the new curricula: and (.'i) establishment of 
outreach activities for students, especially those from underrepresent- 
ed minority groups and from rural Maine high schools. In 19‘)2 Bates 
College received an additional grant for S.SOO.OOO. 



The Effects of Curricular 
Reform 

As part of its HHMI-funded pro- 
gram. Bates College set out to 
revise its science curricula, with 
the goal of encouraging students 
to do more hands-on science ear- 
lier in their academic careers. 
Since 1991. introductory courses 
in biology and chemistry have 
bi'en revised, a biological chem- 
istry major has been added, the 
rest of the biology core curricu- 
lum has been upgraded, and 
changes for introductory 
l)hysics are under way. 

How well is curricular reform 
working at Bati's? “It's working 
bi‘lt('r than we could have 
hoiH'd.” said Dr. Martha A. 
Crunkleton. Vice President for 
.'V ademic Affairs. Dean of Facul- 
ty. and HUM I program director. 
" The greatest strides havi' been 
mad(' in biology.” she said, "and 
we're having really exi)losive 



growth in tnuns of biological 
chemistry majors." 

College officials had exi)ected 
lierhajis two or three students to 
(h'clare a major in biological 
chemistry during 1999-1994. 
the first formal year of the 
major. Year-end estimates, how- 
ever. i)laced the figure bi'twt'en 
If) and 20. 

The number of students tak- 
ing introductory biology has 
grown, too. “We’ve seen this 
enormous increase in biology 
enrollment, and that's a national 
trend, so 1 can't tease out how 
much is due to the effort that 
goes on in our first-senu'ster 
course." said .Ine Ihdliccia. 
I’li.I).. Associate Professor and 
Chair of the Biology Dejiart- 
nu'iit. But. he added, "we've 
doubled the number of majors 
in a three-year period. I'd liki' to 
fei'l we're soiiu'what resiionsi- 
ble for that, but I hav(' no way of 
knowing." 
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Students John 
Mcl^arthind. l^riya 
Sudarsanan, and hiiii(*k 
Win! rode (left to right) 
conduct experiments in 
a hands* on l)ioch(‘inisi \y 
lahoraton at l^ates 
(’olh‘ge. 




(Qualitative data suggest that 
seienee curricular reform is 
working with Ikites students. A 
year after a reformed course was 
introduced for all students taking 
introductory biology, course eval- 
uations were tile highest ever. 
'I'iiis and otiier revised biology 
courses seem to be retaining 
more women, minority students, 
and students from i)oor rural 
areas of Maine. A similar demo- 
graphic trend lias developed in 
I'hemistry lollowing the :ii)pear- 
ance of I'evised courses in l)io- 
cheinistry and introductory 
chemistry. 

The Chemistry Deptirtnietit 
Ims triiditioiiiilly htid ;i problem 
;ittrticting wometi tntijors, but 
tilmost all the students that 



declared as chemistry and bio- 
logical chemistry majors in 
19911-1994 have been women, 
according to Dr. T, Glen Diwson, 
Assistant I’rofessor of Chemistry. 

The HHMl grant has helped 
the College to expand research 
opportunities for students, pur- 
chase laboratory eciuipment, and 
fund deiJiiftmeiital workshops 
where faculty have worked out 
curricular revisions. These func- 
tions, Hates officials say, htive 
contributed greatly to the suc- 
cess of curriculiir chiinges in sci 
eiice. The gnint also furthers the 
reform effort by supporting ;i kib- 
oi'atory instructor for biology and 
chemistry, who started in August 
199L', and <i neurobiologist, who 
stiirted in the tall of Ti9t. 
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Student Research Stimulates 
Curricular Reform 

Over the past three summers, 
the HHMI grant has funded 
research opportunities for 50 
Bates students, substantially 
increasing the number of sci- 
ence students working with fac- 
ulty. The expanded number of 
students working in laborato- 
ries has, in turn, stimulated the 
drive for curricular reform. This 
has produced a reciprocal rela- 
tionship: as students do more 
research, they become better 
researchers and better stu- 
diuits. Faculty have recognized 
this phenomenon, and many ari' 
now including student-assistam 
components in their research 
grant proposals. In adilition, 
they have sought to broaden 
student access to research by 
bringing it to more of the lower- 
level courses. 

"The summer research work 
certainly shaped the faculty's 
thinking about what they were 
doing in introductory courses." 
Dr. Crunkk'ton said. "For us, that 
has been curricular ref{)rm, 
because the faculty have started 
looking at how to create student 
research ex|)erieiices in all the 
introductory courses." 

.'\ key to moving faculty 
toward airricular reform has 
been g(‘tting them to meet regu- 
larly to talk about it. Faculty tend 
to discuss traditional business at 
departmental meetings, not what 
they are trying to accom|)lish in 



revising their courses. To pro- 
mote the latter kind of discus- 
sion, Dr. Crunkleton has used 
HHMI funds to support off-cam- 
pus weekend workshops where 
faculty can have time to talk over 
curricular changes. 

The biology faculty have j)ar- 
ticipated in three of these work- 
shops. One issue they wrestled 
with was whether the research 
experience available to students 
in small, elective upper-lev(‘! 
courses should be incorporated 
into large introductory-level 
courses. If so. it would mean dra- 
matically reducing the content of 
those courses. Out of these often 
difficult discussions came the 
decision to revise the four core 
biology couises lo include more 
research activities, 

'Hie chemistry faculty explored 
curricular issues at a similar 
workshop. The talks generated 
ideas for revising introductory 
chemistry lectures and k d to 
changes that have allow(>d th > 
department to operate more 
smoothly. Faculty are working 
together better and are more will- 
ing to share their ideas about cur- 
riculum, research, and ladated 
matters. 

"Those conversations are the 
ones that are really hard to 
have," Dr. Crunkleton said. "I 
would encourage people who are 
starting the curricular reform 
process at other schools to make 
sure they allow time for the facul- 
ty to get together and ask those 
basic cjuestions." 
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Curricular Reform in 
Biology 

In biology, curricular reform 
has focused on bringing more 
discussion into lecture classes 
and using an investigative, 
rather than a demonstrative, 
approach to laboratories. The 
I’l — principal investigator — sys- 
tem mimics the scientific 
process, emphasizing the use of 
research teams and c|uantitative 
and writing skills. 

In this system, groups of four 
students are assigned to four 
laboratory projects over a 
s<‘mester, with group ir, embers 
rotating as the princ’pal investi- 
gator. They learn a new 
research technique one week, 
then design an experiment to 
answer some question using 
that techniejue. After they col- 
lect the data, the principal inves- 
tigator drafts report in the 
style of a scientific paper, includ- 
ing references. The dralt is cir- 
culated through the group lor 
!)eer editing, and then the prin- 
cipal investigator writes a final 
draft and gives both drafts to the 
instructor for a criticiue and 
grade. Ihology writing assistants 
are students trained by the 
(lepartiiu nt and the College's 
Writing Workshop to assist with 
scientific writing. 

Kartm l.ecomte. wiio returned 
to college aftei' 17 years to major 
in hiopsychology, took a 
relortned version of Introducto- 
ry Biology 101, followed the 
next semester by a traditional 



version of Biology' 102. Biology 
101, she said, involved more dis- 
cussion and presentations by 
students, who were evaluated 
by a combination of multiple 
choice and short-answer qiu‘s- 
tions and half-page ('ssays. 

In the revised 101 laboratory, 
Ms. Lecomte and her research 
group used the crustacean 
Daphnia, whose heart is visible 
through its shell, to design 
experiments to test the ellects ot 
caffeine and alcohol on heart 
rate. The team formulated 
iiypotheses, decided what to 
measure, and designed the 
ex!)eriments. The i)rincipal 
investigator assigned researi’h 
tasks and recorded and com- 
l)iled the data. 

Ms. Li'comle did (“(jually well 
in both classes, but it w'as Biolo- 
gy 101 that motivated her to go 
on and do more in biology. 
"Biology 101 really clinched it 
for nu‘," sh.e said. 

The success of a pilot course 
of ri-lormed Biology 101 helped 
persuade the Biology De|)art- 
ment to extend the curricular 
reform program to the entire 
coursi' and to three others 
required ofbiol(>gy majors; Plant 
and ,>\nimal Biology, Cidlular and 
Molecular Biology, and Popula- 
tion Kcology. 

Kven though 7,") |)ercent of the 
!)lo students whf) took tho tirst 
two re(|uiretl courses are not 
going to he si-ience majors, Di‘. 
I’elliccia said, they are getting a 
good exposure to how science is 
done in the real world. 
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Curricular Reform in 
Chemistry 

In chemistry, curricular reform 
has followed a two-pronged 
approach, expanding research 
opportunities for students in 
biochemistry and shifting to 
more project-oriented laborato- 
ries, along the lines of the prin- 
cipal investigator system, in 
introductory chen:istry and 
other courses. 

During 1993-1994, the College 
began offering a biological chem- 
istry major, using existing cours- 
es in biology and chemistry. To 
ensure that they get research 
experience, a senior research 
thesis is required of tlies-e 
majors. They start doing 
research in their junior year and 
continue it over the summer and 
often into their seiiioi' year as a 
senior thesis. 

I)r. Lawson had already 
expanded research opportunities 
for biochemistry students by 
developing laboratories for the 
I wo-semester biochemistry 
seque-ice, which formerly had 
none. Further research opportu- 
nities will be available to up|)er- 
level students in the winter of 
199;'), when he and Dr. Felliccia 
will teaeh a course focusing on 
iiuch'ic acid biochemistry and 
molecular biology. 

The increasing number of bio- 
chemistry offerings with re- 
search oi)portutiities seems to 
have piqued student interest. Ati 
estitiiated l.i to 30 students have 
declared a biological chemistry 



major. And a large percentage of 
students in first-year biology and 
chemistry courses, where enroll- 
ments are rising, have indicated 
that they would probably major 
in biological chemistry. 

The quality of the research 
opportunities in many science 
courses is changing. The 
advanced course in nucleic acid 
biochemistry and molecular 
biology will be very project-ori- 
ented. And in the winter of 1995, 
there are plans to switch the S(>c- 
ond-seniester biochemistry labo- 
ratory to a project-orii'nte 1 
approach that will include per- 
haps just two projects each 
semester. Students will plan and 
carry out the purification of a 
protein produced from a clor ^d 
gene in a bacterium and per- 
form an analysis of some of tlu‘ 
structural features of the pro- 
tein. They will also design and 
assemble a metal'olic ene: ;y- 
producing system capable of 
supporting a reconstituted ener- 
gy-requiring pathway. Others 
will purify and chemically identi- 
fy till' major spi'cies of carbohy- 
drates found in selcctc'd fruits 
and vegetables. 

Altliougli traditional laborato- 
ries have always been small, 
one-W(‘ek exercises, at Hales 
.iiinost everyone in biology and 
clK'iiiistry is moving away from 
thiit approach, even in the first 
year courses- -a sign of signifi- 
cant ri'form. 

rite laboratory for introducto- 
ry chemistry h changed from 
onewei'k ex|)i I iinents to three- 




' . .1 ^ 




Hate.sC’ollege no 



and four-week modules. Students 
help to plan an experiment from 
a selected area such as biochem- 
istry, geochemistry, or forensic 
chemistry. Replacing the tradi- 
tional reports, which students 
have found to be tedious and of 
limited educational value, are 
modified reports that emphasize 
problem-solving, meaningful cal- 
culations, and articulate writing, 
fewer reports will be required. 

A revist'd introductory chem- 
istry lecture, which will be intro- 
duced in the fall of 1994, aims to 
stimulate the students’ interest 
by presenting the basic principles 
to be- learned in a series of chem- 
istry mini-courses. Members of 
the chemistry faculty will discuss 
their area of speciaity, using real- 
life context to explain the princi- 
ples that introductory chemistry 
students need to learn. 

The curricular reforms in 
chemistry appear to be working, 
'file longer experiments appear 
to be more fun and. bc'cause stu- 
dents have to think through the 
experiments in planning them, 
they retain more of what they 



learn. The laboratories have been 
designed to be more user friend- 
ly and less intimidating: they 
offer more opportunities for stu- 
dents to interact with their peers 
and faculty. 

Students also seem to prefer 
the reformed curriculum in biolo- 
gy. In evaluating the revised Biol- 
ogy 101, a student wrote, “The 
writing is hard, it’s a lot ot work, 
but it made me think about what 
I was doing." 

Program Director 

Martlia A. (’runklrlnn. l*h.D. 
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Curricular Reform: How Well Is It Working? 
Carnegie Mellon University 

c 

V-^arnegie Mellon University is a private research instiiution in 
Pittsburgh, Pennsylvania. In 1989 tlie Howard Huglies Medical 
Institute awarded the University 81.200.0(KI to (1) encourage science 
students, particularly women and underrepresented minority stu- 
dents, to identily research opportunities and plan careers in the sci- 
ences tlirough faculty mentorships, research projects, and training: 
(2) provide new curricula and training opportunities in computational 
biology and chemistry: (8) provide advanced computer training foi- 
tacu! (4) obtain computer and laboratory equipment for the new 
curricula: and (."i) develop outreach initiatives for high school teach- 
ers, particularly from sciiools with a large minority population. 



Setting the Stage 

Carnegie Mellon University has 
pioneered a new curriculum to 
integrate computers into its biol- 
ogy and chemistry courst's. 
Drawing upon its strength in 
computer science, the University 
has created an inti'rdisciplinary 
curriculum in computational 
biology and '■hemistry. The 
underlying goal is 'o provide a 
national model to meet the grow- 
ing demand in academia and the 
|)harniaceutical and biotechnolo- 
gy industries for scientists with 
advanced computer skills. 
Stiideiit reaction, as measured in 
course evaluations, has been so 
tavorable to early reforms in 
upper-level courses that at least 
six biology and chemistry cours- 
ed' at iidvanced ;md introductory 
It vels have been created or 
revised over the last three yi ,trs. 

rile stiige for the-(‘ ctirricii- 
lae retorms was set in advance. 
With HIlMl su|)|)o!-t. a tiew 
Computer Training Cimter was 
built and e(|uij)ped with 
Jidvanced coinputeiw in 1990. 



Other iiiitecedents to reform 
supported by HH.MI were the 
provision of faculty ‘ elease time 
for the development of new 
courses and research opportu- 
nities for undergraduat? biology 
and chemistry majors. I'inally, 
advising and mentoring pro- 
grtmis were I'stablished to 
ensure that each major in the 
biologiciil scienct s received 
guidance by the sophomore 
yettr in course selection, ctireer 
counseling, and research oppor- 
tunities. 

Students in the seiences at 
Ciirnegie Mellon tire partici- 
liating in individutil research 
projects under faculty guidance. 
Speciiil attention has been paid to 
recruiting women and minority 
students for research experience. 
Underrepresemed minority stu- 
dents who majored in the biologi- 
cal seiences were assigned 
mentors as early as the freshimin 
year. .According to Dr. Susan 
Henry. Dean of the Mellon Col- 
lege of Science and llllMl jiro 
gram director, the creation of a 
new interdisciplinary curriculum 
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Indergraduatos David 
('assarino, Patrick 
O'Brian, and Ci*na Myors 
(left to right, l)ack row) 
and Marta Lipinski. 
Paula McKini •y.and 
AnnaSokac participate 
in biologic al research 
projects 



“could not have been undertaken 
without an infrastructure in place 
to guide and assist the students." 






The New Curriculum 

'Hie cornerstones of tb.e new cur- 
riculuni are two new upper-level 
courses in computational biology 
and chemistry, liist offered in 
1991. Knrolling in one of these 
classes can lead to a Bachelor of 
Science degree with a concentra- 
tion in computational biology or 
chemistry, provided the student 
has taken a combination of si’ver- 



al computer science and mathe- 
matics courses above and 
beyond what is required for the 
science major alone. 

One of the new courses. Com- 
putational Biology. cov(M's a 
range of applications of comput- 
ers to biology and medicine. It 
focuses on analysis of protein and 
nucleic acid sequences, plotting 
and fitting techniques, simula- 
tions of biological processes, mul- 
tivariate statistics, ami Piological 
imaging. "Emphasis is placed on 
writing computer programs, a 
skill that will give them great ver- 
satility in computational biology." 
said Dr. Robert Murphy, an asso- 
ciate professor of biology, who 
designed the course and has 
spearheaded many of the curricu- 
lar reforms. 

The other upper-level course. 
Computational Chemistry, tx- 
plores numerical methods, mul- 
tivariate statistics, simulation of 
chemical, physical, and biologi- 
cal processes, and molecular 
modeling using three-dimen- 
sional graphics. As students 
learn molecular modeling, they 
gain the skills to manipulate the 
graphics in real time by using 
their knowledge of graphical 
languages. 



Other New Computer 
Courses 

The new upper-level courses 
have stimulated the diwelopiiKuit 
of three courses or minicourses: 
Introduction to Computational 
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liiolojjy, liitrocliK'tioii to 
Coiiipiitatioiial Clu'inistry, and 
Introduction to Computational 
Molecular Biolo^jy. 'I’hese cours- 
es cover many of the same topics 
as the upper-level courses but do 
not require students to learn pro- 
>,framminK skills. The courses are 
so interwoven that they include 
many of the same lectures. 

One common topic is the com- 
puter analysis of nucleic acid 
sequenci's. After b('infj ,c[iven a 
computer file containing nucleic 
acid sequences without any iden- 
tifyinjj information, students use 
software to assemble the 
sequences into a K‘‘iie and match 
this unknown Kene with existing 
national database's to determine 
the nene's Identity and the pro- 
tein it encodes. 

They also characti'iize' the 
decree of homolojjy between 
tlu'ir j^ene and those jjenes 
already entered Into the databas- 
es. For example, students may 
find that a jjene they were j^iven 
from yeast has rej^ions that art' 
homoloj^ous to those In a jjene 
from Drosophila mclanoi^aster. 
Katya Donovan, one of the first 
students in the Introduction to 
Coiii|)utational Molecular Iholo- 
,iiy mini-course, who entered a 
doctoral projiram in biochem- 
istry at .lohns Hopkins I’niversity 
in the tall of IdlM, views the skills 
she developed as "essential for 
hel|)in>.t nu' |)roceed tow;ird my 
graduate work," 

In a (h'parture from the way 
most computational ap|)llcatlons 
are ttiunht to hej^lnners. Dr. 



Murphy — who teaches computa- 
tional biology at the advanced 
and introductory levels — has 
created a computer program to 
help his introductory-level stu- 
dents understand better how' the 
seciuencinj^ pro/^rani operates. 
Rather than merely running the 
sequencing program and obtain- 
ing the output, his students ben- 
efit from a program he wrote 
that illustrates graphically how 
tlie computer searches for simi- 
larities between nucleic acid 
sequences “My program is lik(' 
a little viewer into what is going 
on insid(' the computer when a 
sequence comparison is operat- 
ing. Normally you w'ould not see 
any of these functions," said Dr. 
Murphy. 

Computers are also being 
used in a two-semester laborato- 
ry course required of biological 
sciences majors in their junior 
year. “The computers are great 
tools to expand student horizons 
and serve a vital function in 
analysis of experimental data," 
says the instructor. Dr, Linda 
Kauffman, Si'nior I.('cturer, Ifio- 
logical Sciences, Having com- 
pletely revised her course to 
take advantage of the comput- 
ers, she has created a database 
to catalogue DNA sequences of 
;;11 the mutant stnilns that stu- 
dents produce In the laboi'atory. 
“The database allows us to cre- 
ate an atnios|)here of continuity 
each year tlu' course is taught, 
because' stmh'iits from one ye'tir 
can compare' anel match the ir 
se'e|ue'iice's with theese' fi'eein |)i'e'- 
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The fij^ure represents a 
sample output s<i(‘en 
from a pro)»rain desij^ned 
to show introdu(‘ior> siu 
dents how se(iuence 
comparisons are per- 
formed (see text). 
Stretches of se(tuenc(‘ 
from two r(*lated pro- 
teins are shown across 
the top and down the left 
side. .\s a student uses 
the program, it slu)ws 
each step in the compar- 
ison between th(* 
sefpiences by tlie dynam- 
ic pni^rarnminj* method. 
At the point where this 
scn*en was captured, 
tlu* program wus examin- 
ing the se(iuences dtmn 
andtc)theri^ht of the 
first K in the top 
sequence. It searched 
the highlighted partial 
rows and columns to find 
the hij^hest numerical 
value, which e(iualsth(‘ 
imtximum numbers of 
matches that can be 
obtained Iromthat loca- 
tion onward. In .his cji''". 
the best scor(‘ that was 
found is the 4 that is 
unhWi lighted. Thus. ilu‘ 
best alignment is 
obtained by skipping the 
sequence I’VNFKF (lop) 
and resuming atignnu'nt 
with AVAIL 
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vious years/’ obsiM* v(*d Dr. 
Kauffman. 



Measuring Success 

Cariu'Kit' Mellon has not iimlt'r- 
takeii a full-scale evaluation of the 
iinpaet of its airriailar reforms, 
but there are many measures of 
sueeess, Each year more stu- 
dents enroll in the advanet-d and 
introductory-level courses in 
computational biolo>?y and eheni- 
istry. When they finish the cours- 
es, students liave expressed their 
enthusiasm in evaluation forms 
by giving high ratings for course 
content and clarity of instruction. 
'I'lu- numi)er of students majoring 
ill biological sciences lias more 
tliaii doubled, surging f'-oin dO in 
the early IhhOs to 70 in 
lOOi'.-lOO'l. 'I'luis far, 12 students 
liave graduated witli a baelieior's 
degree in eoiiiputational biology 
or eiieniistry. All liave lieaded for 
graduate or medical seliool, or 
private industry. 



Dr. Henry is eager to eondiiet 
a formal evaluation of Carnegie 
Mellon’s eurrieular reforms, yet 
slie is apprehensive about mea- 
suring the impact of one or two 
courses in isolation. She stated. 
"We anecdotally hear from stu- 
dents liow' mueli a course meant, 
but tlie impact of any course can- 
not be felt or know'll by students 
immediatidy afterw'ards. We must 
look more globally at the ini|)aet 
of our airriculuni, w'hich is prob- 
ably felt over the initial pliases of 
tlieir career.... W(' need better 
w'ays to follow' our students’ 
progress for several years and 
solicit feedback from tlieiii at reg- 
ular iiitcTvals to determine tlie 
impact, not just of one class, but 
tlie entire eurriaihmi on their 
overall probleni-solving skills.” 

Among the first to graduate 
with a bachelor’s degree in eom- 
putatioiial biology was james 
Mace. He is curn \\y enrolled 
in a doctoral program in hio- 
eh( niistry at th(‘ I'liivi’rsity of 
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California-San I'rancisco. where 
he is a Hughes Fellow in the lab- 
oratory of Dr. David A^ard, 
Investigator. Howard Hughes 
Medical Institute. 

Mr. Mace st'es a strong con- 
nection between his concentra- 
tion at Carnegie Mellon and his 
current research in protein crys- 
tallography. Computer imaging is 
especially useful in visualizing 
the structural mutations he has 
produced experimentally in u- 
lytic protease, an enzyme that 
cleaves peptide bonds. He is 
investigating the function of 
structural mutations in order to 
design proteases with a desired 
substrate specificity. He feels that 
his concentration at Carnegie 
Mellon "helptd to jirepare nu- for 
my doctoral research by enhanc- 
ing my programming skills,. ..It 
was a stepping stone to tin- work 
that 1 am now pursuing." 



Program Director 

Susan ;V ll(“nr> . I’h.l). 

I’nit('s,s()r, Kiologhal .Scii'iucs, and 
Dran, MWlnn Collt'Hc (il'Scicncf 
Carm*Ki(* Mellon t'niversil.v 
1411(1 Fifth Avenue 
1’ittsburnh. I’A iri2|:| :i,s!iii 
l412)2(i,S..-.124 
(412):;(iH-:L>(iS(fa.\) 
sii4k(«.\mwdv,( Ml .Kill (K mail) 
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Curricular Reform; How Well Is It Working? 
University of California-Los Angeles 

T.,e University of California-U)S Angeles is a public research insti- 
tution. In 1992 the Howard Hughes Medical Institute awarded the 
University $1,300, 000 to support (1) establishment of departmental 
centers to provide advising, tutoring, and science career counseling 
for introductory-level students in biology and the physical sciences, 
including women and underrepresented minorities: (2) enhancement 
of the introductory-level biology course to include new experiments, 
and creation of a new undergraduate neuroscience laboratory: (3) 
creation of a center for research on teaching to involve science facul- 
ty in undergraduate teaching and curriculum development: and (4) 
opportunities for students from Los Angeles high schools with signif- 
icant minority enrollments to join University research laboratories in 
science and engineering, and to participate in ongoing workshops in 
educational and career development throughout the school year. 



Responding to Change' 

In California a deeply eroding 
tax base has triggered a fiscal 
crisis in the state’s higher educa- 
tion system, resulting in sub- 
stantial changes such as 
large-scale restructuring of aca- 
demic departments and the 
departure of hundreds of senior 
faculty through early retirement. 
At the University of California- 
Los Angeles (UClJ\) campus, a 
grant from the Howard Hughes 
Medical Institute is supporting 
efforts in life sciences depart- 
ments to capitalize on the atmos- 
phere of change and to pursue 
longer-term objectives with a 
degree of certainty about the 
future. 

It is estimated that the Univer- 
sity of California system overall 
will lose more than 900 senior 
faculty through a voluntary 
retirenuMit i)rogram designed to 
cut costs. Dr. Frederick Fiser- 



ling. Dean of Life Sciences at 
l.TCLA and a microbiologist, 
anticipates that this will mean at 
least a 10-percent reduction in 
the number of faculty from 1990, 
On top of this, he adds, is the 
prospect of a 20-p('rcent budget 
reduction from 1990 levels of 
funding, 

'Fhe fiscal reductions in Cali- 
fornia initially dampened the 
momentum for revising science 
and mathematics curricula, pri- 
marily because the limitation of 
expenditures for instructional 
equipment has discouraged fac- 
ulty from putting much effort 
into updating courses. As Dean 
Kiserling observed, “We knew 
there were things we should be 
doing in terms of curriculum 
reform, but you can't reform the 
curriculum unless you begin to 
change courses, and that 
requires an investment of faculty 
time and new e(|uii)meiit." 
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Reforming the Science 
Curriculum 

The goal of the eurrieulum 
reform initiatives at UCIj\ is to 
integrate the life sciences and 
the physical science's, particular- 
ly chemistry. One impetus is the 
large number of life sciences 
majors who turn up in introduc- 
tory chemistry courses, some- 
times accounting for 60-70 
percent of the students in 
class — yet the courses are 
taught for chemistry majors. Not 
surprisingly, introductory chem- 
istry is one of the traditional "fd- 
ter" courses that can discourage 
students from continuing in the 
life sciences. 

Other a|)proaches. sucli as 
interactive video learning and 
team teaching, which have 
ali eady have proved successful 
in the introductory chemistry 
course, are the basis for changes 
in the introductory biology labo- 
ratory. which reaches over 8tH) 
students a year. Faculty mem- 
bers are developing computer- 
ized laboratory exercises, called 
modules, that allow students to 
ex|)lore for themselves concepts 
ofOi., bi()log\'. 

With one module, siuden s 
will be able to observe experi- 
mental procedures before 
undertaking them in their labo- 
ratories. The module combines 
high-quality images, interactive 
and investigative computer- 
based learning with traditiottal 
ex|)erititetital |)rocedures. With 
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another module, Mendelian 
Inheritatice. students will leartt 
about genetics by cotnparing 
tnutant and wild-type flies. 
They will first observe tech- 
niques to tnake getietic crosses 
with flies atui theti perfortn 
crosses with live flies. 

According to Dean Fiserling. 
the histitute’s gratit attd support 
from other sources have stitnu- 
lated a tnitnber of faculty to 
develop new courses. For exatn- 
ple. the tieuroscietice faculty is 
focusing on laboratory devehtp- 
tnetit. particularly in upper-divi- 
sion courses that require tiew 
itistrutnentation atuI cotnputers. 
An upper-division independent 
study laboratory, the Hi()-C’om|)u- 
tation bd). is designed expressly 
to retain students in biolog>' |)ro- 
grams by pioviding o|)portuni- 
ties to do research involving 
simulating, modeling, and visual- 
izing biological systems. 

The impact of the curricular 
changes in biology will be stud- 
ied by cognitive psychologists, 
who will compare the similaii- 
ties and differences between 
novice stuflents and ex|)ert fac- 
ulty in biological |)roblem solv- 
ing in order to identify the 
approaches that are more 
ap|)ropriate for the students. 
For each teaching modtde. the 
|)sychologists will analyze how- 
students structure knowledge 
in each of the areas in order to 
guide the development of the 
module. Similai' assessment 
techniques have become stan- 
dard components in many 
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UCLA grant proposals for soi- 
onoe curriailimi roforni. 

Dean Eiserling oomniented 
that the budget cuts liave accel- 
erated what would have been the 
natural course of events at 
UCIA Eleven departments from 
both the medical school and the 
college already had a single 
recruitment brochure with 160 
faculty at the graduate level who 
grouped themselves into 12 
“research affinity groups." none 
of which is named after an exist- 
ing department. Eurther. the fac- 
ulty now describe themselves in 
terms of their research interests, 
e.g.. cell biologists, develoimen- 
tal biologists, immunologists — 
rather than as members of a 
particular department. 

UCLA life science depart- 
ments have gotten closer togeth- 
er because the budget cuts 
required administrative reorgani- 
zation. Dean Eiserling notes. Eor 
example, cell and molecular biol- 
ogy. integrative biology, and 
physiological science now have a 
single administrator and have 
combined their student advising. 
"If we bring in microbiologv' and 
biochemistry over the next few 
years, we're going to have a very 
different landscape on this cam- 
pus than when it was founded 76 
years ago." he said. 

Dean Ivisiuding foresees the 
next step to be the development 
of undergraduate curricular 
units that are based not on 
department location but on fac- 
ulty expertise. In the life sci- 
ences. he noted, the distinctions 



between the departments have 
blurred so that it has become 
difficult to distinguish them. He 
points out that this is not unique 
to UCIj^: it is occurring at aca- 
demic institutions throughout 
the nation as they respond to the 
increase in interdisciplinary 
research and financial exigency. 



Attacking Student x\ttrition 

Undergraduate curricular 
r('form. as well as ex'racurricu- 
lar support activities developed 
by the College of Letters and 
Sciences, the School of 
Medicine, and the School of 
Engineering and Applied 
Sciences, includes efforts to 
counteract the discouragement 
experienced by minority stu- 
dents. Overall, the UCIA student 
body reflects the ethnic and cul- 
tural diversity of the population 
in southern California, where the 
traditional minority groups have 
merged in recent years to 
become the majority. But this 
diversity is not evident among 
life science graduates, where 
there is a high attrition rate 
among underrepresented minori- 
ties. In this instance, the minori- 
ties that are underrepresented 
are primarily African American. 
Hispanic, and Native American. 

The UCLA Division of I.ile 
Scienci's includes the depart- 
ments of biology, microbiology, 
lihysiological science, and psy- 
chology. which has a substantial 
neuroscience compoiK’iit. In 
11)96-1991 these deparlmeiits 
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had a combined total of approxi- 
mately 5,100 underffradiiate 
majors. Attrition among life sci- 
ence majors is a concern gener- 
ally: of all the students who start 
their freshman year as a life sci- 
(‘iice major (25 percent of whom 
are underrepresented minori- 
ties), only about 50 percent 
were graduating with a degree 
in life sciences in five years or 
less. In 1987 undem'presented 
minority students wen* graduat- 
ing at an alarming 8 percent. 
Further, the number who con- 
tinue their studies in graduate 
school approaches zero. 

UCIj\ statistics were showing 
an especially high drop-out rate 
among these students between 
the first and second years, and 
between the second and third 
years, with students reporting 
that they have been discouraged 
by lower-than-expected grades, 
lack of a support network, and an 
inability to envision themselves 
in a science career. 

The Center for Academic and 
Research Excellence is a i>art of 
the Division of Fife Sciences. It 
provides approximately 100 
underrepresented minority sci- 
ence students with special aca- 
demic counseling and other 
academic and social support 
activities designed to encourage 
them to continue in science. The 
center is directed by Dr. I'dma 
(lonzalez, a biology professor, 
who also is Director of Under- 
graduate Special Frograms in 
Science in the office of the 
Provost of Ix'tters and Sciences, 



which is responsible for all 
24,000 undergraduates at UCIj^. 
In the three years since the 
HHMI grant was received, grad- 
uation rates for minority stu- 
dents have increased by 10 
percent each year. 

According to Dr. Gonzalez, 
the center coordinates academic 
resources and funds from differ- 
ent sources that may be targeted 
to meet different needs. What 
the students need most, she said, 
is specialized counseling, and 
financial aid such as stipends for 
student research in faculty labo- 
ratories. The center administers 
the Howard Hughes Honors 
Undergraduate Research Pro- 
gram. In 1998, the first summer 
of operation, nine students were 
selected for the program on the 
basis of their academic merit, 
prior research experience, and 
their potential for success in 
graduate school as well as on the 
basis of a fiOO-word essay. 

The students' majors ranged 
from biochemistry to psychobiol- 
ogy. They conducted r(*seai ch on 
siicli topics as epilepsy, pediatric 
HIV, memory and vision, and 
neuromuscular plasticity and 
space flight. The summer fellows 
attended workshops to learn 
about advanced library search 
techniques and how to prepare 
lor the Graduate Record Exami- 
nation, and the Bio-Computation 
Dib was available for their use. A 
yi'ar later, six of the nine fellows 
were continuing flCl^^ students. 
Of the remaining three, two went 
on to medical school and one 
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ix‘>i[an Pli.i). sUidit'S in biochem- 
istry. Thirteen undergraduates 
were selected to participate in 
this program in 1994. 

Tlie institute's grant con- 
tributes to UCLA's Academic 
Advancement i’rogram, a tutor- 
ing program tliat offers academic 
counseling to undergraduates, 
including underrepresented 
minority students. The Academic 
Advancement Program has now 
assigned two full-time tutors to 
the life sciences. Dean luserling 
points out that external support, 
such as that provided by the 
Institute, has helped to direct 
additional institutional support to 
the program. 

Recognizing that historically 
underrepresented minority stu- 
dents often are lost to science at 
an early age. UCLA also uses 
Institute funds to establish a pre- 
college outreach program known 
as .Science and Mathematics 
Achievement for Ki'search Train- 
ing. which comprises a six-week 
summer program and a series of 
school-year "Saturday Acade- 
mies." riiese programs currently 
involve (i.'i minority students 
from the Sth grade to tlu' 11th 
grade. Thirty of the students 
focus primarily on science and 
are supported by the Institute 
grant. The other students are 
more involvt’d in engineering, 

The summer portion of the 
program includes precursory 
courses in geometry, advanced 
algebra/trigonometry, and i>re- 
calculus with computer applica- 
ti(jiis; SAT prepariition: biotech- 



nology research: and interdisci- 
plinary studies of the environ- 
ment that draw from biology, 
chemistry, mathematics, and so- 
cial science. Topics for the Sat- 
urday activities include genetics 
and probability, simulating envi- 
ronmental problems, and career 
exploration. 

The primary goals of the out- 
reach program are to increase 
the participation of underrepre- 
senled minority students in col- 
lege i)reparatory mathematics 
and science and to encourage 
student commitment and excel- 
lence through early exposure 
and training in scientific 
research. 

Another important objective is 
to buttress students' aspirations 
and encourage their abilities, 
According to Knrique Ainsworth. 
Director of the UClAi Center for 
Minority Engineering Urograms, 
helping to strengthen students' 
confidence and sense of achieve- 
ment is crucial to improved aca- 
demic performance. 

Early signs are that the pro- 
gram is succeeding. Of the 30 
Institute-supported students 
participating in the 199;-1 sum- 
mer program. ,'iO percent report- 
ed getting an A in fall semester 
mathematics, and 40 perccuii a 
B. In biology and chemistry, 
close to 70 percent reiiort 
grades of A and ?>() i>ercent 
achieved a B. All ’M) students are 
enrolled in college preparatory 
course sec|uenc('s and are tak 
ing challenging mathematics 
and physics courses. 
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Assessing Outreach Programs 
North Carolina State University 

^^orth Carolina State University is a public research institution in 
Raleigh. North Carolina. In 1992 the Howard Hughes Medical 
Institute awarded the University $1,000,000 to support (1) summer 
and academic-year research experiences for undergraduates on cam- 
pus and in government and private industrial laboratories in neighbor- 
ing Research Triangle Park; (2) outreach to high school science 
teachers, particularly those serving rural and minority students, to 
include interdisciplinary laboratory workshops in biology, chemistry, 
and physics, development of exercises and materials for classroom 
use. and laboratory kits and equipment loans to enable teachers to 
implement the new curricula in their classrooms; and (3) curricular 
revisions such as integration of biology, chemistry, and physics in 
introductory courses and a new laboratory in biochemistry and mo- 
lecular biology. 



Rural Outreach 

With HHMl support, a variety of 
programs have been initiated at 
North Carolina State University 
by faculty members and stu- 
dents from the College of 
Agriculture and Life Sciences 
and the College of Physical and 
Mathematical Sciences. Many 
partnerships have been devel- 
oped with schools throughout 
North Carolina, and special 
efforts are being made to reach 
rural school districts. A large 
number of middle and high 
school students, teachers, and 
administrators have been 
involved with the project. 'I'he 
goal of this partnership has 
been to enhance the level of sci- 
ence instruction by training 
teachers and to increase the 
interest in science by working 
directly with students. 

Dr, William C. (Irant, Associ- 
ate lYovost and HHMl program 
diri'ctor. said, ‘The best aspect 



of the HHMl funding has been 
the opportunity to influence 
young people by motivating 
them to enjoy science. The 
methods used in training teach- 
ers focus on student-centered 
learning techniques. The intro- 
duction of high-technology 
equipment has greatly enhanc('d 
interest in the program." 

'Hie science programs operate 
in North Carolina’s rural school 
districts, the majority of which 
are unable to fund science educa- 
tion technology without addition- 
al assistance. As Judy Powell, 
program coordinator, points out, 
“Many schools would not be able 
to purchase the equipment. One 
of the unique aspects of this pro- 
gram is its continued support for 
the teachers. We not only train 
them in the use of technology in 
their classrooms, but we provide 
the equipment and university per- 
sonnel to assist them." 

The first teacher training 
workshop was held at tlu' Univer- 
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Kathy Bailey and Miles 
Buie, teachers in the 
North Carolina State 
Tniversity HHMI* 
supported science 
outreach proj^ram. 
investigate the 
correlation of heart 
rate and muscle 
temperature during 
exercise, using 
c(miputer*integrat(‘d 
probes. 



sity for two weeks during the 
summer of 1993. Participants 
included 12 high school chem- 
istry. biology, and physics teach- 
ers from rural high school 
districts in southeastern North 
Carolina that have a high concen- 
tration of underrepresented 
minority and economically disad- 
vantaged students. The teachers 
also attended two short work- 
shops during the school year. 

Ten of the original teachers 
were joined by five additional 
teachers from participating 
schools for a secf)iid two-week 
institute in the summer of 1994. 
One high school teacher com- 
mentt'd. “My students’ enthusi- 
asm was remarkable. I’liey were 
so eager to get involved. One of 
my students said. ‘1 can’t wait to 
get to biology class.’ It was 
amazing to see the ’light bulb' 
click and stay on. I'lie interest 
was unbelievable." 

During the workshops, the 
teachers learned to use such 



resources as a video microscope, 
a spectrophotometer, electricity 
kits, light kits, and computer-inte- 
grated laboratory equipment. 
They also received advanced 
instruction in teaching strategies 
"nd participated in discussions 
focusing on constructivism, the 
learning cycle, and student learn- 
ing styles. 

The teachers developed four 
learning modules on force. (*ner- 
gy. electricity, and light, using 
microcomputers with laboratory 
probes and other pieces of equif)- 
ment in the program. Two inter- 
disciplinary nK)dules. “Body at 
Work" and "Food and Knergy," 
were tested in the summer and 
finalized for instruction during 
the 1993-1994 school year. I he 
modules included investigations 
based on topics in physics, chem- 
istry. and biology. 

For (‘xample. one of the labs 
asked the student how exercise 
affects heart rate, respiration, 
and body temperature. Answer- 
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Students in an ad\anced 
biology class at Triton 
High School, Harnett 
County, North Carolina, 
study cell .structures 
using microscopes 
provided through the 
HHMlsupported 
outreach program. 



ing this question combines con- 
cepts of biology, chemistry, and 
physics. The students measured 
tlieir lieart rate, COo respiration, 
and muscle temperature before 
and after exercise, using comput- 
er-controlled thermometers, 
heart rate monitors, and pH 
meters. They could observe and 
control their responses with the 
computers. The experiment dis- 
plays in immediate personal 
terms the effect of abstract con- 
cepts that are part of the biology’ 
curriculum. 

Kach module included iire- 
assessment questions, introduc- 
tory laboratory activities, one or 
more major laboratory investiga- 
tions, and a posl-assessmeiit of 
the concepts. All were discov(‘ry 
learning-oriented for the stu- 
dents. Teacher matei ials W(>r(' 
provided to aid in student prepa- 



ration, development of concepts, 
and teacher preparation. During 
the 1994 summer institute, the 
teachers developed additional 
activities that were shorter in 
length and were directly linked 
to the new North Carolina sci- 
ence curriculum, which is 
process oriented. These addition- 
al modules will be edited and 
field tested during the 1994-199.0 
school year. 

Ms. Powell transported the 
equipment by van to the indivic’- 
ual schools. The materials were 
loaned to each school for four 
weeks, divided into om-- to two- 
week inter’/als throughout tln' 
school year, at times chosen i)y 
tlie teaclu r.' during tlie summei 
institute. A total of l,:'>t)(S high 
school students used the niuii)- 
immt during the 19!t;t-199-l 
school year. I'liis number will 
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increase with added teachers in 
the proK'rani. Dr. David Haase, 
Associate Professor of Physics, 
and Dr. Cliarles Lytle, Professor 
of Zoolojjy, who are co-directors 
of tlie precollej;e science out- 
reach proj,fram, visited the rural 
schools to observe the program 
and seek support from principals 
and school administrators. 



Other Outreach Activities 

The HHMl projjram has 
reached students and pre-ser- 
vice and in-service teachers. 
Activities funded by the 
Institute include presentations 
on the use of computers in the 
biolopncal sciences to the North 
Carolina Student Academy of 
Science; a presentation on the 
outreach program to the North 
Carolina Science Teachers 
Association; classes for pre-ser- 
vice science teachers on tech- 
nology in the laboratory; 
|)reliminary meetings to orga- 
nize a science/mathematics 
consortium for public schools 
in northeastern .North Carolina; 
working with the Site-Based 
School Management grouj) of 
the .North Carolina State 
I'niversity School of Kducation 
and Psychology; consultations 
with local schools foi (levelo])- 
ing science technology; supimrt 
for the Physics on the Hoad 
demonstration i)rogi'am involv- 
ing ovei- 10, 00(1 students 
throughout North Carolina; and 
I'oordination of the Science 
Teacher \Vorksho|> held liy the 



College of Agriculture and Life 
Sciences. 

The HHMl program is sup- 
ported by ITie Science Ho'.se, an 
outreach program of the ' 'ollege 
of Physical and Mathematical Sci- 
ences at North Carolina State 
University. Its purpose is to moti- 
vate K-12 students to study sci- 
ence and mathematics, ami it 
emphasizes hands-on learning. 
The Science House is a partner- 
ship between NCSU and North 
Carolina public school teachers. 
The faculty and teachers collabo- 
rate in planning and carrying out 
programs to improve the level of 
science and math education in 
North Carolina. Science House 
programs include student pro- 
grams, teacher workshops, and 
school visitation programs that 
cover the entire stat('. 



Program Evaluation 

All of the teachers involved in 
the Rural Schools I’eacher 
I’rogram met one day in May 
1994 for a videotaped evaluation 
session. Several of their insights 
are listed below. 

■ Both the high- and low-achiev- 
ing students are excited and 
enthusiastic about using comi)ut- 
ers in the classroom and labora- 
tory. They become actively 
engaged in doing the laboratory 
investigations. 

U Teachers like to iis(' the e(|ui|>- 
ment but are concerned a.lunit its 
scheduling and availability to fit 
tile tlow of their course schedule. 
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They are also concerned that the 
lab exercises meet the curricu- 
lum and prepare the students for 
the state end-of-course tests. 

■ Teachers need time and extra 
effort to set up. prepare, and 
take down the equipment. The 
support role of the HHMI mas- 
ter teacher. Judy Powell, is 
important in assisting the teach- 
ers and supporting the use of 
the equipment. 

■ Teachers see a need for bal- 
ance of traditional, low-tech, and 
high-tech laboratory experi- 
ences. The balance addresses the 
limited resources of the schools 
and time constraints with the use 
of traveling equipment. 

The program was evaluated 
through surveys conducted dur- 
ing and after the 1993 summer 
institute. The in-depth survey 
was conducted by staff of the 
Center for Research in Mathe- 
matics and Science Piducation at 
the University. 

The teachers rated the sum- 
mer workshop highly. liven 
though they perceived the con- 
tent as very challenging, they 
consistently gave their summer 
experience high marks on differ- 
ent factors. Not only did they per- 
ceive the learning as a very 
beneficial exiJerience, but there' 
were some indications that the 
teachers are beginning to change 
from a teacher-centered method 
of teaching to one that is student 
centered. 

When asked what to plan for 
the second summer institute, 
teachers requested more intro- 



ductory information modules 
and use of technology. They rec- 
ommended the following 
changes: (1) spend at least one 
day on computer instruction, (2) 
provide more examples of high- 
tech laboratory exercises for 
guidance at the start of the work- 
shop, and (3) assist with develoi> 
ing additional labs to directly 
correlate with the new state-man- 
dated science objectives. 

These concerns were 
addressed during the 1994 sum- 
mer institute. In addition, there 
was emphasis on teachers train- 
ing other teachers and the pro- 
duction of modules that required 
less laboratory time. All of the 
labs used some discovery learn- 
ing and a student-directed 
approach to develop concepts in 
biology, ch(’mistry, and physics. 



Program Director 

William (’. Grant. I’h.l) 

Associate I’rovosI for S|)ecial I’nijecisanil 
Coordinator of African American Affairs 
lioxTlOl 

North Carolina Slate Cniversity 
Kalei(<h.NC27li!).>71()l 
(tlltl) .otrv7!)(i(i 
(!ll!)).')l.>:i7n(»(fax) 

M’lowdt" i’i;i;i.t:. HAS, SCSI kih (K mail) 
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Assessing Outreach Programs 
University of Chicago 

T^he University of Chicago is a private research institution in 
Chicago. Illinois. In 1989 the Howard Hughes Medical Institute 
awarded the University $2.0()().()00 to (1) develop new, advanced labo- 
ratory curricula for science majors in molecular and developmental 
biology, genetics, biochemistry, and related fields; (2) provide oppor- 
tunities for collaborative research between University science faculty 
and students at two- and four-year schools, including minority institu- 
tions: (3) create introductory biology and chemistry courses to inter- 
est potential majors in biomedical sciences; and (4) expand a program 
to offer advanced summer training in biology, mathematics, chem- 
istry. and physics to Chicago high school teachers. 



A Long-Term Commitment 

The University of Chicago has 
been committed to evaluating its 
Summer Seminars for High 
School Teachers since the pro- 
gram began 10 years ago. As 
early as the design phase, select- 
ed Chicago high school teachers 
were questioned about what form 
of continuing education was nec- 
essary to improve and refine 
their teaching skills. 

Through the questionnaire. 
Dr. Laura Bornholdt. Special 
Assistant to the President of the 
University, designed monthlong 
seminars to be offered in the 
summer when the teachers' 
attention was at its peak. Dr. 
Bornholdt's emphasis on 
teacher feedback and assess- 
ment has S('t the toiu' for the 10 
years that she has overseen the 
program: (Uich summer a formal 
(iuestionnaire is administered to 
participa?its, usually before and 
always at the (uid of the seminar. 
One evaluation even included a 
questionnaire six m:)nths later 
to determine how teaching prac- 



tices had been modified as a 
result of the seminars. 

The long-term goal of the sem- 
inars is to invigorate Chicago 
area public high school teachers 
by exposing them to new materi- 
al they can adapt for their stu- 
dents. 85 percent of whom are 
underrepresented minorities. 
There are about 20 participants 
in each four-week seminar. Each 
of the seven seminars covers a 
separate academic discipline, 
ranging from earth sciences to 
writing. The HHMl grant has 
supported two of the seminars. 
Developmental Biology and 
Math.ematics, since 1989. 

Most seminars are held five 
(lays a week during July, and par- 
ticipants are invited to monthly 
lectures at the campus through- 
out the next academic year. Par- 
ticipants receive a stip(‘nd and 
are eligible to apply for credit 
toward a pay increase with the 
Chicago public school systruu. 
The curriculum is developed by 
tlu' instructor, who is also 
responsible for screening applica- 
tions and selecting participants. 
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“Teachers are really excited, 
animated and enthusiastic. They 
are sharing ideas witli each t)ther 
because of the participatory 
nature of the courses. It is a 
model for how :hey might teach 
in their schools," said Dr. Robert 
Perlman, Master, Biological Sci- 
ences Collegiate Division, and 
HHMI program director. 

The developmental biology 
seminar has been taught since 
1991 by Dr. Malka Moscona, 
Associate Professor. Biological 
Sciences Collegiate Division. 
The interdisciplinary nature of 
developmental biology is used as 
a stepping stone to explore 
almost all areas of modern biolo- 
gy — genetics, molecular biology, 
embryology, immunology, and 
virology. Dr. Moscona covers the 
fundamentals, such as meiosis. 
mitosis, and DNA transcription, 
in lectures and discussions at 
least three times a week. She is 
committed to reinforcing the 
basics of biology because she 
feels that "a good grounding in 
the basics gives teachers the 
flexibility to constantly adapt 
their approaches in the face of 
new ideas." 

The remainder of the class 
time is devoted to the devedop- 
ment of laboratory exercises, 
computer skills, library work, 
and interaction between partici- 
pants. In addition, guest lectur- 
ers from the University are 
invited about once a week to 
elaborate on such topics as 
AID.S, cancer, and the develop- 
ment of the immune system. Dr. 



Moscona contends that her goal 
is to make the teachers into life- 
long learners and to stimulate 
them to learn for pleasure. She 
has been consistently rated near 
the top of the rating scale by her 
participants. 

The goal of Professor Robert 
h'efferman is to encourage the 
teaching of mathematics the way 
it is done in the mathematics 
seminar. “What's important is to 
teach that mathematics requires 
thinking about things, not 
mechanically grinding out lots of 
formulas." said Dr. Fefferman. 
The focus of the seminar is on 
calculus and its applications, with 
morning lectures covering such 
topics as cardinality, functions, 
limits, integrals, and infinite 
series. By afternoon, the partici- 
pants are ready to separate into 
small groups to solve problems 
together. A unique feature of the 
course is that half of the partici- 
pants are teachers and thf other 
half are advanced high school 
students. 



Evaluation Procedures 

The seminar evaluations by the 
participants are valuable to the 
faculty as well as to Dr. 
Bornholdt. who uses them to 
assess faculty performance. 
The faculty use the evaluations 
to make refinements in their 
t('aching style, curriculum, and 
seminar structure. For t'xample, 
Dr. Moscona lias restructured 
her seminar to devote more 
time to the development of labo- 
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ralory (‘xercisi's and computer 
competency. She has also built 
in more time for the teachers to 
interact with one another in 
experimenting with new ideas 
for teaching. 

Several years ago, when high 
school students were brought in 
to provide feedback about labora- 
tory exercises and lesson plans, 
the evaluations revealed th stu- 
dent presence to be so ii.nibiting 
that I)i. Moscona discont’nued 
the practice Instead, she invited 
teachers to return later in the fail 
to present their lesson plans to 
one another. 

On the oiher hand, student 
participation in the mathemat- 
ics seminar was not found to be 
detrimental, in part because the 
teachers were encouraged to 
bring their best students, with 
whom they enjoyed good work- 
ing relationshi!)s. The evalua- 
tions are also used to support 
r(‘quests for greater resources, 
enabling Dr. Moscona, for 
example, to secure more labora- 
tory time and supplies from the 
university. 

The evaluations at the end of 
the seminar ask the participants 
to rate such factors as tlu' quali- 
ty of the teaching, the organiza- 
tion of the course, the utility of 
the background materials, the 
novelty and rigor of the subject 
inatler, and expectations about 
applying what they have learned 
to the classroom. In addition to 
an actual rating scale, the evalua- 
tion questionnaire usually 
recpiires written appraisals of the 



The University of Chicago Program of 
Continuing Education in Biology 
for Chicago Area High School Teachers, 
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■ What the Immune System Can Do For You 

and What You Can Do For Your Immune System 
Jos^ Quintans 

Professor in the Department of Pathology 

■ Biopi^chology: Mind and Body 

Martha McClintock 

Professor in the Department of Psychology', and 
Chairpe»i:iiii for the Committee on Biopsychology 

I ■ The Human Genome Project 

I and Ethical Issues Related to It 

! Mary Mahowald 

i Professor in the Department of Obstetrics and Gynecology 

H Primate Behavior: Species Diversity, 

Ecolo^cal Variability and Lifetime Flexibility 

Jeanne Altmann 

Professor in the Department of Ecology and 
Evolution and the Committee on Biopsychology 

■ Exploring the Sahara for Dinosaurs 

Paul Sereno 

Associate Professor in the Department of 
Organismal Biology and Anatomy 

j ■ How Stress Proteins Help You Cope 
Martin Feder 

Professor in the Department of Organismal Biolog>‘ and 
Anatomy and the Committee on Evolutionary Biolog>' 

I ■ Multi-Media Computing: 

New Dimensions for the Neurosciences in the Classroom 
Frank Hughes 

Profess )r in the Department of Anatomy 
I Hush Presbyterian Medical Center 

I ■ The Development of the Mammalian Blood Cells 

i ('eleste Simon 

Assistant Professor in the Department of Pediatrics and 
Molecular (Jenetics and ('ell Biolog>' 



sriniiiar and rtH'oninunulations 
for s(*niinar r(*visioiis. 

Kadi v(‘ar tlu‘ s(*minar (‘valua- 
tions arc (icsi^nu'd, adminis- 
l(‘r(‘(l, analyzed, and cornpih'd 
into a report by an indeptnultMit 
(‘Valuator, usually a graduate stu- 
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dent in the University’s Irving B. 
Harris Graduate School of Pub- 
lic Policy Studies. Hiring an 
HHMI-supported evaluator who 
is both independent of and unfa- 
miliar with the program is con- 
sidered to be an asset by Dr. 
Bornholdt. “We like to have the 
evaluation done by someone out- 
side the program, and we like 
frequent changes in the evalua- 
tor and the evaluation instru- 
ment. Frequent changes keep 
our evaluators alert, and they 
are challenged to do a better 
evaluation than their predeces- 
sors. The same evaluator makes 
for too cozy a relationship to the 
program,” she said. 



A Follow-up Evaluation 

The most extensive evaluation 
was that undertaken by graduate 
researcher Debra Haas for the 
1992 Summer Seminars. Ms. 
Haas not only administered a 
questionnaire to 116 participants 
before and immediately after 
each seminar, she also followed 
up six months later with another 
questionnaire designed to gauge 
changes in teacher behavior after 
returning to the classroom. 

By comparing the six-month 
findings with those immediately 
after the course, she found that 
the ])articipants had slightly sur- 
passed their own expectations. 
For example, while 68 percent of 
respondents attending one of the 
seven seminars thought they 
would change their curricular 



focus immediately after the semi- 
nar. 73 percent actually reported 
making changes. 

Biology seminar participants, 
in particular, reported a variety of 
changes as a direct result of hav- 
ing taken the seminar. Seventy 
percent reported changing their 
curricular focus, 67 percent 
reported changing student 
assignments, and 30 percent 
reported evaluating student per- 
formance differently. Teachers 
also reported spending less time 
lecturing. While they reported 
using laboratory work slightly 
less often, they devoted more of 
the class time to group work. 

The six-month follow-up evalu- 
ation was considered very valu- 
able by Dr. Bornholdt, but 
expensive. If more resources 
were available, she w Id like to 
do this every year and possibly 
attempt to evaluate whether the 
modifications teachers attribute 
to their summer training are 
indeed beneficial to students. 

The students at Oak Park 
River Forest High S'.'hool, where 
Sam Manola teaches biology, are 
likely to benefit from the newly 
found enthusiasm of their 
teacher. ”I learned to appreciate 
learning for the sheer ])leasure of 
learning. My approach to learn- 
ing had stagnated, but working 
with the many ])eople at the uni- 
versity revived the joy.... riie sem- 
inar gave me the push I needed 
to try some things I had been 
afraid to try in the past.” wrote 
Mr. Manola. 
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Program Director 

Kohort I.. iViiman, M.D., i'h.I). 
McLstor, Blolo^iral Scunners 
Division 

rniwrsity ofC’hica^o 
Biological Sciences Learning? (’cnier 
1)24 Kitst o7th Street, I{ooni KMA 
(’liica^o, IL ()0ri:J7-5415 
(:H2) 71)2-71)1):) 

{:)12) 702-2254 (liix) 



Institutional Profile 


■* 


Total enrollment 




rndergraduate enrollment 




Number of faculty members 


1,217 


Kiulowment (billions) 


$1.2 


Annual budget {millions) 


$72!) 
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iMllanova University is a private comprehensive institution in 
Villanova, F’ennsylvania. In 1991 the Howard Hughes Medical 
Institute awarded the University $650,000 to support a program to (1) 
enable undergraduates, especially those from groups underrepresent- 
ed in the sciences, to receive special faculty tutoring in the sciences 
and participate in summer and academic-year research in laboratories 
on campus: (2) appoint two new faculty scientists, one in quantitative 
biology and the other in cellular and molecular biology; (3) enhance 
the laboratory component of the biology curriculum that will strength- 
en connections between the life sciences and other areas such as 
mathematics and computer sciences; and (4) provide outreach to 
Philadelphia high schools, to include summer and academic year 
enrichment for students and workshops and a “footlocker" program to 



provide teachers with equipment 
experiments in modern biology. 



The Summer Enrichment 
Program 

Since 1992, 40 10th- and 11th- 
grade students have come to the 
Villanova University campus for 
a six-week summer enrichment 
program in biology and mathe- 
matics, supported in part by the 
Institute. The program, formally 
known as the Villanova- 
HHMl-NSF Young Scholars 
Program, is also funded through 
a grant from the National Sci- 
ence Foundation to Dr. William 
M. Fleischman, Professor of 
Computing Sciences, and Dr. 
Russell M. Gardner. Professor 
of Biology. The program con- 
sists of courses, laboratories, 
lectures, and field trips orga- 
nized around one topic, with 
academic year follow-up activi- 
ties such as research projects 
and symposia. 

One of the summer research 
activitii's is a "graveyard tour" 



and software for new classroom 



during which students visit his- 
torical graveyards in the 
Philadelphia area and collect 
data to compare 18th, 19th, and 
20th century mortality rates 
and life expectancies. Since sev- 
eral of the graveyards are asso- 
ciated with identifiable popula- 
tion groups — African Americans 
at Mt. Gilead cemetery and 
Mennonites at W'eaverland 
cemetery — students are able to 
explore differences in life ex- 
pectancy among those groups. 

"The important historical and 
social dimensions of this activi- 
ty are not lost on the students," 
notetl Dr. R. William Marks. 
Professor of Biology and HHMl 
program director. "When they 
iiHiuire, at Mt. Gilead, why 
there are individuals for whom 
neither birth date nor age is 
recorded, they maki' direct con- 
tact with a historical reminder 
of slavery. And at Weaverland. 
seeing the prevalence of infant 
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mortality anions the Mennon- 
ites is something students do 
not easily forget." 

The goal of the summer pro- 
gram is not simply to improve 
the technical skills and know- 
how of the high school students, 
many of whom are young 
women and membeis of under- 
represented minorities, accord- 
ing to Dr. Marks. It also in- 
cludes nurturing their sense of 
belonging to a "learning com- 
munity." This achievement is 
signaled in part by their willing- 
ness to stay in touch with one 
another long after they have 
gone home, completed high 
school, and dispersed to col- 
leges and universities all over 
the country. 

For example, Tamia Steele of 
the 1992 summer class returned 
to Villanova in 1993 to give a 
presentation during the pro- 
gram’s symposium on indepen- 
dent research projects. Ms. 
Steele, an African American 
from a New York City high 
school that was described by 
her guidance counselor as a 
"war zone," talked about her 
own project investigating the de- 
velopment of positive and nega- 
tive stereotypes among children 
between the ages of four and 
seven years. Her mother, who 
accompanied her to the sympo- 
sium, said her daughter's partic- 
ipation in the summer program 
produced dramatic changes in 
her self-confidence as well as 
her educational and career per- 
spectives. Ms. Steele has matric- 




ulated at the State University of 
New York at Buffalo. 



Program Assessment and 
Tracking 

"Evaluation and tracking of our 
summer students is labor-inten- 



Suraya Kuril izan. 
Brooklyn Frit* nils 
School, and l)avid Mora, 
Irom Xaviurian Ili^h 
School, Brooklyn, 
partic ipate in the 
sunmier enrichment 
proi>ram in ejuantitative 
l)i(»loi/,v. 



sive, but that may be the only 
effective way to do it," said Dr. 
Marks. "We spend a lot of time 
correspotiding with them. 1 
don’t think there is a more ele- 



gant way to do this and still get 
good information." In addition 
to formal follow-up correspon- 
dence for the program, many of 
the summer students write to 
Villanova faculty to rc(|uest let- 
ters of recommendation for col 
lege applications. All the stu- 
dents from the summer 



program are invited to report 
on their progress the following 
sirring, particularly regarding 
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research projects they may 
have taken back and continued 
at their high schools. 

The high school students who 
come to Villanova’s campus out- 
side Philadelphia are very high 
caliber. Their interests typically 
extend beyond science and math- 
ematics, so that heated debates 
about classical music, literature, 
politics, or sports are not unusual 
during their stay on the campus. 
In 1993, the program selected 
about 40 students from a pool of 
1,000 applicants. 



Finding Cohesiveness in a 
Diverse Group 

About half the students in the 
summer enrichment program are 
from minority groups, and young 
women have been in the majority 
for both summers. Although 
most students come from the 
New York-Washington corridor 
and western Pennsylvania, occa- 
sionally students come from as 
far away as California. 

"It's a wonderful melting pot of 
both rural and urban students. At 
first 1 thought this mixture of all 
types would be a recipe for not 
talking to each other," Dr. Marks 
said. "But in fact, the group is 
remarkably cohesive. 'I'hey gen- 
uinely get along and enjoy the 
diversity. It heli>s that tluw’re all 
very bright and very interested 
in science." 

Most of them continue to do 
well after they comi)lete the pro- 
gram. For instance, of the ?>7 stu- 
dents who spent the summer of 



1992 at Villanova. four are now 
attending Harvard University and 
three, the Massachusetts Insti- 
tute of Technology. Of the 199:i 
group, four are at Harvard. 

At the end of the session, stu- 
dents are given open-ended 
questionnaires to complete. “We 
expected the students to give 
one-sentence answers, but they 
wrote a lot about what worked 
for them and what didn’t," Dr. 
Marks said. This information is 
taken very seriously. For exam- 
ple. in response to the students' 
comments, the Villanova group 
has introduced more structure to 
the dormitory routines. In addi- 
tion. improvements are being 
made in the summer research 
projects because some students 
indicated they were “frustrated 
too much of the time." 



Ties as a Tracking 
Mechanism 

The real key to successful fol- 
low-up of the summer students, 
however, is the development of 
personal ties among the stu- 
dc'tits and with the Villanova fac- 
ulty members who serve as 
their mentors during the six- 
week session. These personal 
ties typically become the basis 
for one of the students to 
ai)point him- or herself “record- 
ing angel" for the whole groiq). 
said Dr. Fh'ischman. 

The recording angel works 
informally, telephoning other stu- 
dents. contacting them by con- 
ventional mail, or on the Internet 
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by electronic mail. Informal use 
of electronic mail has proved so 
effective a means of communica- 
tion that the program is seeking a 
way of extending this opportunity 
to all participants in the summer 
programs, but so far this has not 
been an easy undertaking. 

P'or the time being, traditional 
communications and the informal 
student networks are the main- 
stay of Villanova’s tracking 
efforts. Although the program 
uses standard procedures to fol- 
low up the students, those 
involved in the program find that 
tlie more time-consuming efforts 
enrich tremendously the quality 
of the tracking information. That 
is because the students share 
much more among themselves 
through informal contacts than 
by more standard techniques. 
'Pile information is then transmit- 
ted to the program by the record- 
ing angel. 

Dr. Fleischman pointed with 
pride to Oleg Drozhinin, who 
became the surprise recording 
angel for the 1992 summer 
group. “No one seemed a less 
likely candidate,” Dr, Fleischman 



recalled. "He and his family are 
recent immigrants. Although 
he’s very bright, he was very 
reticent and almost wary of us 
while he was here. But a year 
later, out of the blue he called 
and spent almost an hour on the 
phone with news about all the 
students in his class he had con- 
tacted. Now we hear from him at 
least a couple of times during 
the year,” The shy high school 
computer whiz of a few years 
ago is studying biology at the 
Massachusetts Institute of Tech- 
nology, Dr. Fleischman added. 

Program Director 

K. William Marks, I’h.l), 

.‘Vssociati* I'rniVssnr 
DrparlrmMit <if 
N'iliannva I'niwrsity 
Milaiiova, PA I!)(i8r)-Ui!)}l 
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Total enrollimMit !),224 

I'ndorKraduate (‘nrolliiKMil 7.2liO 

Nunibor nnacully nuMiiliors 745 

Kn(i(i\vnu*nl (mill ions) <25 

Annual hud^ot (millions) $122 



o 

ERIC 




Villanova University 219 



t N 



Appendix A 




Mary Mennes Allen, Ph.I). 


James P. Collins, Ph.I). 


Weilesley (’olle^e 


Arizona State Cniversity 


William Vail Allen, Ph.I). 


Kdward C. Cox, Ph.I). 


Humboldt State Tniversity 


Princeton Cniversity 


(i. Samuel Alspach, .Ir., Ph.I). 


David T. Oowthei', M.F^d, 


Western Maryland College 


Cniversity of Nebraska-Lincoln 


Pamela Baker, Ph.I). 


Martha A. Cnrnkleton, Ph.I). 


Hales ('olle^e 


Bates College 


Nancy T. Barnes, Ph.I). 


John Dewood David, Ph.I). 


I niversity of North (u.olina at 
Hiapei Hill 


Cniversity of Missouri-Coinmbia 
Krie Davies, Ph.I). 


Carol Btuider, M.S.S.S. 
I niversity of Arizona 


Cniversity of Nebr’aska-Lincoln 
Kllen M. Dawley, Ph.I). 


David 11. Benzing, Ph.I). 
Ol)(‘rlin (’olle^(‘ 


Crsinus(’ollege 

Mark William Diibin, Ph.I). 


Sarah B. Beienson, Ph.I). 

.North (’aroiina State Cniversity 


1 niversity of C'oloi’ado at Houl(l(‘r 
Frederick A. Kisiniing, Ph.I). 


William K. Brown, Ph.I). 
(’arnegie Mellon Cniversity 


Cniversity of California-Los Angele 
Boss S. Feldberg, Ph.I). 


Peter .1. Br'uns, Ph.I). 
( ornell Cniver’sity 


'I’ufts Cniversity 

William M. Fleischman, Ph.I). 


•IW (‘ai'inichael, IMi.l). 

Xavier I'nivrTsiiy of I.ouisiana 


\'illanova Cniversity 
•luan L(ipez (iarriga. Ph.I). 


Omile ('hapman. Ph.I). 


Cniversity of Puerto Kico 


Cniversity of ('alifornia-Cds An^eh^s 


Mayaguez (’ami)us 


Linda Chaput 


Stc[)hen (ieorge, l*h.I). 


lnt(‘r'activ(‘ S(‘r-\ires 


Andierst Colh'ge 


llill(*l .I.t'hiel, i>h,I). 


•lulie (Jraf 


Case West(‘rn WestM'w Cnivt'rsity 


1 iiiver'sity of Color'ado at Bmihh'r 


•lose M. ('imade\illa. Pli.I) 


William (’. (Jrant. Ph.I). 


St. Mail's Cniv(‘rsity 


Nortli Car'olina StaU* Cniversity 


Casey (’lark, M.Kd. 


Sandra (iregerman. M.S. 


Srnitli (’olle^t‘ 


Cniversity of Michigan Ann Aibor 
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Joseph Griswold. Ph.I). 


SondraG. Lazarowitz, Ph.I). 


Cir>' rniversit>‘ of New York 
City College 


University of Illinois at 
Urhana-Champaign 


Stephen C. Harrison. Ph.I). 
Harvard University 


Clarence M. Lee, Ph.I). 
Howard University 


Carla Hass, Ph.I). 
Pennsylvania State University 


Shin Lin. Ph.I). 

Johns Hopkins University 


Anne M. Heinz. Ph.I). 
University of Chicago 


Thonuis S. Litwin. Ph.I). 
Smith (’allege 


H. Craig Heller, Ph.I). 
Stanford University 


Daniel V. Lynch, Ph.I). 
Williams College 


J.H.M. Henderson, Ph.I). 
Tuskegee University 


K. William Marks, Ph.I). 
\ illanova University 


(’indy Henk 

Louisiana State University and 
\m College 


Patricia A. Marsteller, Ph.D. 
Kmor>’ University 


Susan A. Henr>, Ph.I). 
Carnegie Mellon University 


Michael M. Martin, Ph.D. 
University of Michigan-Ann Arbor 


Jacqueline Hunter. Ph.I). 
Xavier University of Louisiana 


Karl R. Mattox, Ph.D. 
Miami University 


Louis N. Invin, Ph.I). 
University of Texas at K1 Paso 


James Maurer 
Interactive Services 


John R. Jungck. Ph.I). 
Beloit (’ollege 


Joyce B. Maxwell, Ph D. 

('alifornia State Univ«‘rsity-Northridgc 


Lynne Kiorpes, Ph.I). 
New York University 


Mark (i. McNaniee, Ph.D. 
University of (’alifornia-I)avis 


Steven .\. Holmes, Ph.I). 
lliJmrt and William Smith ('olleges 


B.D. Mehrotra. Ph.D. 
Tougaloo (’ollege 


Deidre I). Lahat. Ph D. 

Xavier University of lauiisiana 


BetU‘ Nicotri, Ph.D. 
University of Washington 


Jav B, Lahov, Ph.I). 
National H(‘S(‘arch t’niim il 


David J.Njus. Ph.D. 
Wayiu' Stat^* Unbersity 


Juan (i. (iimzahv, Lag(»a. Ph.I). 
Uiuversity of Puerto Rieo 
Mayagiie/. Campus 


Robert 11. Parsons. Pli.D. 
Rensselaer PoKtechnic li^tiluto 



o 



(’arlton W, Paulson, Ph.I). 


H, Eldon Sutton, PhD. 


('onoorciia 1 at Moorhead 


Tniversity of Texa,s at Austin 


Robert L Perlman, M.D., Ph.I). 


Anna Tan-Wilson, Ph.I). 


I’niversity of Chicago 
Andrew J. Petto. l^h.I). 


State 1 niversity of New York at 
Binghamton 


I'niversitv of Wisconsin-Madi.son 
Herbert Posner, Ph.I). 


Sheila Tobia,s 

The Research Corporation 


State I niversity of New York 


Just* M. Velaquez, Ph,l). 


at Binghamton 
Steven W. Kissing, Ph.I). 


I niversity of Puerto Rico 
C'ayeyl niversity ('ollege 


Arizona State I niversity 
Frederick B. Rudolph, Ph.I). 


Merna Viliarejo, Ph.I). 
Cniversity of Californi.i-Davis 


Rict‘ I niversity 
Kxyie (’. Ryder, Ph.I). 


(iraham C. Walker, Ph.I). 
Massachusetts Institute of Teehnolog> 


Southern I niversity and Colh^ge 


John E. Walsh, Ph.I). 


at Baton Rouge 


Dartmouth College 


Jeffrey A. Sands, Ph.I). 


(’laudia Washburn 


Lehigh I niversity 
Barbara Sawrey, f*h.I). 


I niversity of Illinois at 
Crbana-Chainpaign 


I nivei^ity of ('alifornia-San l)i(*go 
R. Steven Schiavo, Ph.I). 


James J, Watrous, Ph.I). 
Saint Joseph's I niversity 


WelUvsley College 

('. Thomas Settlemirc M.S.. Ph.I). 


Michael A, Wells, Ph.I). 
Cniversity of Arizona 


Bowdoin ('ollege 
Peter R. Shank, f*h.I). 


Richard A. White, Ph.I). 
Duke Cniversity 


Brown I niversity 
Harold Sllv(‘rmari. Ph.I). 


(iahriele Wienhausen, Ph.I). 

I niversity of (’alifornia-San Di(‘go 


Louisiana Statt‘ I niversity and 


Paul H. Williams, Ph.I). 


.A^M Vn\Hv 


Cniv(‘rsity of Wisconsln-Nladisc'n 


lleh*nt‘ Sh‘ssarcv, I’li.P 


Scot \. Wolfe 


Wheaton Colh'ge 


Harvard Cnivei‘sitv 


Dennison Smith. Ph.I). 


Roheri J. Wvinan, Ph D. 


Oht»rIin (‘olh'gt» 


\ lie CniversitN 


B (j Sli‘plnms, I’fi D 


Steven J Zittfoli, Pli Ir 


Wofford ('ollege 


Willi, nils College 
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Appendix B 

Awardee Institutions by Carnegie Classification, 1989-1994' 



Till* (’ai'iH'gii* Fmjudation for t!n‘ 
AdvanciMucnt of Teaching classifii's col- 
Icgi's and univcrsitii's on the liasis id' 
such factors ;is th(‘ rang(‘ of th(‘ liiic- 
calaiircat(‘ program, nmiihcr of IMi.D. 
(h'grccs awardi'd aniuiall.''. and amount 
of annual federal support for ri'search 
and de\elopim‘nt. as ap|iropriat(‘. TIk‘ 
lnslitiil(*'s assi'ssiiKMits of institutions 
tor the l!ist)-in!)4 competitions were 
hitsed on tlu' lhS 7 Carnegti' Foundation 
chissilu'ations and inchnhal the follow- 
ing cliissificiit ions and (-ategorical didliii- 
tions for public and pri\ate institutions; 

Research Universities I: Thesi* 
institutions oiler a full rangi' of Inic- 
ealaiii'i'ati' ju'ograms. iire cormuitteil to 
gi'iiduiiti' educatioti through the doctor- 
iil(‘ d(‘gre('. and giu* high priority to 
resi'arcli, They io‘cei\e annually at 
least inillion in federal support 
and award at least oo Fh.D. (h'grers 
(Mcli \ear. 

Research Universities II: Those insti 
tut tons ofler a full range of haecalaiireate 
pi'ograiiis. an' comiiiittiMl to graduate 
cdiieatton through tlu' doctorate dogivi'. 
and give high priorit\ to research. Tlii'y 
r('cei\-(‘ annually between $12.0 million 
and million in federal support for 
lesi'arcti and deveto[)meiit ami award at 
least 01! Ph.l). (h'groes tMcli .i’ur. 

Doctorate-Granting Universities 1: 
in addition to offering a full range of bac- 
calaii real (' programs, tlu' mission of 
these institutions iiiciiides a commit 
ment to gradual*' ('diication through the 
dnciorate degre*'. They award at least in 
I’li.U. degiri's aniiiiallv in fi\e m miok' 
ac.ideiiiie discipliiu's. 

Doctorate-Granting Universities II: 
111 idditieii to offering a full r.iiig*' of 
ba< calatireate programs, t lu' iiiis''ioii ol 
Ihesi’ iii'U It III inns ini ludf‘> a eoinmii 
ment to graduate eijiu atioii 1 liroiigli tlu' 



ductorat(‘ degree*. Tluw award annually 
20 or more Ph.l). degret's in at least out' 
discipline or 10 or mon* Ph.l). dc'grees 
in thr(‘(‘ or more disciplines. 

Comprehensive Universities and 
Colleges I: These* institutions otter hac- 
calaureate itrograms and. with f<‘W 
e\cei)tioiis. graduate* (*diicatioii through 
(he* maste'i's deygre'e*. More* than half id 
the*ir haccalaure'ate* eh*gre*e‘s are* awardt*d 
in turn or more' occupational or proh's- 
sional eliscipline*s such as (*iigine'e'ring or 
hustne'ss aelministration. .-Ml of the' insti- 
tutions in this gremp e-iiridl at h'ast 2. aim 
stihh'nts. 

Comprehensive Universities and Col- 
leges II: The'se' institutions award more* 
than half of the'ir haccalaure'ate* de*give*s 
in two or more* ocempational or proles 
sional <liscipliue*s. such as e*ngine*e‘iing or 
husiiK'ss administration, and many also 
ofler graeliiate' e’ducalion through tin* 
niasl(*i'‘s de'gre*e*. .Ml of the* colh'ge's ami 
iinive'iMlies in this group e'lmdl iM'twven 
l.r)(inaiul2.alinstude'uts. 

Liberal Arts Colleges I: Flu s< liigli 
!\ se'h'ctive' institutions are* [U'iiiiarily 
undergraduate* colle*ge*s tliat award iiioiv 
than half of the*ir baccalaureate' degie('s 
in arts and scie*nce' lu'lds. 

Liberal Arts Colleges II: TIhm 
iiistitiitiems an* primarily uiide'igradii 
ate' cidleges that are* less si'le*cli\o aiul 
award iiior<* than half of their degrocs 
in lihe'ial arts fields. 'Fliis cale’goiA also 
iiiclude's a group of collogi's that aw.inl 
less than half id’ their (|egr***'s in libera! 
arts ficbls but. with fewer t ban ! .Mm 
students, are tint small to la* eonsi(|(*n'(i 
niiup! e*lie'nsi\e*. 

Schools of Engineering and Tech- 
nolog)': Tin* institiii i(i!is in Ibis i .itegn 
i\ award at least a bae lielnr s (|ogi ct* m 
pMi'gfiiins limited almost * \( he>e et\ Im 
leciiiiii a! tields (d' ;•! ml\ . 



1 infnrmalinn nia\ lu* fniind in ('ami'Uie Kunndalinii |n|- tin* \d\ain t'nn'iii o| Pm< hum 
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Research Universities 1 

Boston University 
California Institute of Technolog>' 
Carnegie Mellon University 
Case Western Resem^ liniv(‘rsity 
Colorado State I'niversity 
Columbia University 
Cornell University 
Duke University 
(ieorgia Institute of Technolog\ 
Harvard University 
Howard University 
Indiana University at Biooiiiingtoii 
Johns Hopkins University 
Louisiana State University 
and A & M College 

Massachusetts Institute of Technology' 
Michigan State University 
New York University 
North Carolina State University 
The Ohio State University 
Main Campus 
Oregon State University 
I’eiinsylvania State University 
Main Campus 
Princeton Univ(>rsity 
Purdiu' University Main (‘ainj)iis 
Rutgers the State University of 
New Jersey New Brunswick (’anipiis 
Stanford University 
State University of New York at 
Stony Brook 
Texas A ^ M University 
University of Arizona 
University of (’alifornia-Berkeley 
University of California-Davis 
University of California-Inine 
University of (’alifornia-Los Angeh^s 
Uiiiv(*rsity of California--San Diego 
University of Chicago 
I iiiv(Tsity of Cincinnati Main Cam|)tis 
Univ(*rsity of Colorado at Boulder 
Uniwrsity of(J(‘orgia 
University of ilawaii at Mainm 
Univei’s’oy of Illinois at Chicago 
University of Illinois at 
Urhana-('hanipaign 
University of Iowa 
University of Kentucky 
Uniwrsiiy of Matyland ( ollego Park 



University of Miami 
University of Michigan -Ann Arbor 
University of Minnesota- IVin Cities 
University of Missouri-Columbia 
University of New Mexico 
Main Campus 

University of North (’aroliiia at 
Chapel hill 

University of Pennsylvania 
University of Pittsburgh Main Canij)us 
University of Rochester 
University of Southern California 
University of Tennessee, Knoxville 
University of Texas at Austin 
University of Utah 
University of Virginia 
University of Washington 
University of Wisconsin Madison 
Vanderbilt University 
Washington University 
Yale University 

Research Universities II 
Arizona State University 
Auburn University 
Brandeis University 
Brown I’niversity 
Kinoiy University 
(ieorgetown University 
Iowa State' University 
Kansas State University 
OkIahe)ma State* Universily 
Main Camt)us 

Rt'iisseiaer IN)lyte‘chnic Institute 
State Unive'isily of N(‘w York at Albam 
Stale University of Ne*w York at Buffah) 
Te'inple' University 

University e>f (’aiiforiiia - Santa Barbara 
Unive'rsity of De'laware 
Unive*rsity eif Kansas Main Uanipiis 
University of Massae lmsells 
at Amheo’sl 

Unive'rsity of Nel>i'aska Lincoln 
Unive'i’sity of Oregon 
I niveo’sity of Soul h (’arolina ('oliimhia 
Utah State* Univea’sity 
Washington Slate* Unive*rsii\ 

Wayne Stale* Unive*i'sity 
West Virginia University 
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Doctorate-Granting Universities 1 

Catholic University of America 
College of William and Mary 
Illinois Institute of Technology 
Lehigh Un versity 
Marquette University 
Miami University 
Rice University 

State University of N(‘W York at 
Binghamton 
Tt'xas Tech University 
Tufts University 

University of Arkansas Main (■am[)us 
University of California-Santa Cruz 
University of Notre Dame 



Doctorate-Granting Universities 11 
Dartmouth College 
Mississippi College 
Rutgers the State University of New 
Jersey Newark Campus 
Stevens Institute of Technolog>' 
University of Nevada 
University of New Orleans 
University of North Dakota 
University of South Dakota 
University of Vermont 

Comprehensive Universities and 
Colleges 1 

California State University- 
Long Beach 

Ualifornia State University-Los 
Angeles 

(’alifornia State Universily-Northridge 
Calvin College 
('anisius College 
City University of New York 
Brooklyn College 
City University of New York 
Uity Uollege 

Uity University of New York 
lh‘rbe!'t H, Li'hman Uolleg(‘ 

Uity University of New York 
l!unt(‘rColl(‘ge 
('ity Univ(*rsityof New York 
(JiH‘ens C'ollege 

Uoncordia Uollege at Moorlieml 
Fort Lewis (’ollege 
Hampton University 
lluml)oldt Slate UniviMsity 



Jackson State I’niversity 
Manhattan College 
San Diego State University 
Saint Joseph’s University 
St. Mary’s University 
Southern University and A&M ( 'Olleg(‘ 
at Baton Rouge 
Tuskegee University 
University of Puerto Rico 
Cayey University College 
University of Puerto Rico 
Mayaguez Campus 
University of Puerto Rico 
Rio Piedras Campus 
University of Scranton 
University of Texas at El Paso 
University of Texas at San Antonio 
Villanova University 



Comprehensive Universities and 
Colleges 11 

Clark Atlanta University 
Illinois Benedictine College 
Xavi(*r University of Louisiana 

Liberal Arts Colleges 1 
Amherst College 
Antioch University 
Barnard Collegt* 

Bales College 
Beloit College 
Bowdoin Colleg(‘ 

Br>n Mawr ('ollege 
Carleton College 
Centre College 
Colby College 
C’olgate University 
College of the Holy (’ross 
('oiorado College 
Eckerd ('olleg(‘ 

(lettyshurg College 
(ioucher ('ollege 
Hamilton ('ollegt* 

IIav(‘rford ('olleg(‘ 

Hobart and William Smith U(tlb‘ges 

IIo[)(‘ College 

Juniata ('ollege 

King ('ollege 

Knox ('ollege 

Lafayett(* ('{)llege 

Lawrenci* University 
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Nebraska Wesleyan University 
Oberlin College 
Reed College 
Saint Olaf College 
Smith College 
Swarthinore College 
Union College 
University of the South 
Ursinus College 
Wellesley College 
Wesleyan University 
Western Maryland College 
WTieaton College 
Williams College 



Liberal Arts Colleges 11 

Fisk University 
Hiram College 
Morehouse College 
Ohio Wesleyan University 
Spelman College 
Tougaloo College 
Wofford College 

Schools of Engineering and 
Technology 

Cooper Union 
Har\’ey Mudd College 
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Appendix C 

Awardee Minority Institutions, 1989-1994 



In th(‘ as.s('ssiii(‘nl of iiisliliilion> for \\w 
and umltM'gradiiatt' 
comptMitions, the Insliluto has laknn 
into accoiiiil tli(‘ iiisliuilions' records nf 
.i^radiialiii^ in llu' scii'iua's slud(‘iils 
from minority groups uudi‘rivpr(‘s(Mitnl 
in sci(‘iilific t‘i(‘!ds, liit'orinat iuii for 
tliosi* assosMiH'jits lias iin'ii prn\ idt'(l hy 
llio jolliAviiiL' soiirn's: 

The MiiioriU Accoss lo Ki'si'arcli 
(’an'or;- Proip'ain of tin* National liisli- 
tiito- of ll(‘(dth. (This pro^maiii was nr- 
111 p)77 1)V th(' National liisliiiiU' o|' 
uoiioral Moilical Scioiin's to iiicroaso 
tlio miiiihor of hioiiiodica! srirntisls 
Irom minoritv m'onps.) 

Tin' Minoritv BiomiMliiad Krsnii'ch 
Support I’i'oiii'ain ol the National liisti- 
tiit(‘s of lii'alth. (This program was 
(’staiilisht'd in l!l7'ih\ tlio Nlll Division 
(if Hosoarrh Kosoimrs to dt'\ (‘lo[i 
minority studnit. faniltv. and institu- 
tional in\ olviMiK'iit in hioimMlica! 
tvsnindi. ) 

Thc' National Assoriatioii for Kipnil 
Opportunity in lli.illioi' Kdiication. (This 
(in’<iiii/aition. foiiiidnl in DHPd. ropii'- 
soiits and sor\(‘s soiiii' 117 histoi'irailv' 
ami prodominaiitly black (■oll('a('^ and 
(inivorsitios. ) 

The Offico of (d\il Hiitlits o{ tin' I'.S, 
Dopart inont of Kdiicat ion, ( ’Fhis b'di ’ 
al a.i’oncv' is r(‘sj»oiisib!o foi' anal.^ 
ami dissiMiiinat in.it d:it a on intnoi it\ 
stiidi'Uts at till' iiiition's colb'itos and 
univn'sitios, im liidin.n tin' niimbi'r id' 
(DmM’oos coiilom'd. as >iibiiiittcd 
ttit'oii,ith the 1 ii1o,iiratnl Post SocondaiA 
Kducatioii Svsti'in ,nn! i oipiircil nf ati 
Uhl l! Ill loth. ' 



Historically Black Institutions 

Clark Atlanta University 
Fisk University 
Hampton University 
Howard University 
Jackson State University 
Morehouse College 
Southern University 
and A^M College at Hat on Hoiige 
Spelman College 
Tougaloo (’ollege 
Tuskegee University 
Xavier Univ(‘rsity of Louisiana 



Institutions with Significant 
Underrepresented Minority' Student 
Presence in the Sciences 

California State University- 
L(»ng Bea(‘h 

Ualifornia State University-- 
Los Angeles 

(Tty University of New York 
Brooklyn ('ollege 
(Tty University of NT‘w York 
(Tty College 

(Tty University of New York 
Herbert 11. Lehman College 
(Tty University of New York 
Hunter (T)iiege 
Fort Lewis College 
Mississippi College 
St. Mar>'s University 
University of Puerto Hi( d 
(’ayey University College' 

University of Puerto Hico 
Mayaguez (Tiinpus 
University of Puerto Hico 
Hio Pie(iras(Tiini)Us 
University of Texas at l!i Paso 
ITiiversiiy of Texas at San Antonio 
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Awardee Institutions by State, 1989-1994 



Alabama 

Auburn University, Auburn University 
Tuskegee University, Tuskegee 

Arizona 

Arizona State University, Tempo 
University of Arizona, Tueson 

Arkansas 

I 'niversity of Arkansas Main (’ampus, 
Fayetteville 

California 

California Institute of Teclinologv’, 
Pasadena 

California State University-Long Beach 
California State University-Los Angeles 
California State University-Northridge 
Humboldt State University, Areata 
Harvey Mudd College, Claremont 
San Diego State University, San Diego 
Stanford University, Stanford 
University of California-Berkeley 
University of California-Davis 
University of California~Ir\'ine 
University of California-Los Angel(‘s 
University of California-San Diego. 

La Jolla 

University of ('alifornia-Santa Barbara 
University of California-Santa Vrm 
University of Southern California, 

Los Angeles 

Colorado 

Colorado College, Colorado Springs 
Colorado State University, Fort Collins 
Fort Lewis Coll(‘ge, Durango 
University of Colorado at Boulder 

Connecticut 

Wesleyan University. Middh^town 
Vale I'niversity. New Haven 

Delaware 

University of l)(‘laware. N(‘wark 



District of Columbia 

Catholic University of America 
Georgetown University 
Howard Uni\ ’ rsity 

Florida 

E(‘kerd College, St. Peteisburg 
University of Miami, Coral Gables 

Georgia 

Clark Atlanta University, Atlanta 
P^mory University, Atlanta 
Georgia Insitute of Technolog>\ Atlanta 
Morehouse College, Atlanta 
Spelman College, Atlanta 
University of Georgia, Athens 

Hawaii 

University of Hawaii at Manoa. 

Honolulu 

Illinois 

Illinois Benedictine (’ollege, Lisle 
Illinois Institute of Technolog>\ 

Chicago 

Knox College, Galesburg 
University of Chicago, Chicago 
University of Illinois at Chicago 
University of Illinois at 
Ui’bana-Champaign 
Wheaton College. W’heat(m 

Indiana 

Indiana University at Bloomington 
Purdue IViiversity Main ('anipus. 

West Lafayette 

University of Notre Dana*. Notre Danu* 

Iowa 

Iowa State University. Arm‘s 
Univ(*rsity of Iowa. Iowa City 

Kansas 

Kansas State* Univnsity. Manhattan 
I 'niwrsity of Kansas Main Campus. 
Lawre'ine* 
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Kentucky 

('en!re College, Danville 
I'liiversity of Kentucky, Lexington 



Louisiana 

Louisiana State I niversity and A^M 
College, Baton Rouge 
Southern Cniversity and A&M ('ollege 
at Baton Rouge 

I niversity of New Orleans. New Orleans 
Xavier Cniversity of Louisiana, 

New Orleans 

Maine 

Hates College, Lewiston 
Bowdniii C'oIleg(‘, Brunswick 
(’oll)v College. Waler\ille 

Maryland 

(loucher College, Baltimore 
Johns Hopkins Cniversity, Baltinior(‘ 
Cniversity of Manvland, l’(Jleg(‘ Bark 
Western Maryland College, 

Westminster 

Massachusetts 

Amherst College, Amherst 
Boston Cniversity, Boston 
Brandeis Cniversity, Waltham 
Colh‘ge of the Holy (’ross, Worcester 
Hamird Cniversity, (’amhridge 
Massachusetts Institute of Teclmolog\, 
Camhridge 

Smith College. Northampton 
Tufts Cniversity, Medford 
Cniversity of Massachusetts at Amherst 
Wellesley College, Wtdlesley 
Williams ('ollege, Williamstown 

Michigan 

('alvin ('ollege, (iiand Rapids 
Hope ('ollege, iiollaml 
Michigan State Ciiivmsity. 

Hast I.ansing 

Cniversity of Michigan Ann Avhnr 
Wayne State I nivmsitv, Detroit 



Minnesota 

Carleton College, Northfield 
Concordia College at Moorhead 
Saint Olaf College, Northfield 
Cniversity of Minnesota-Twin Cities, 

St. Paul 

Mississippi 

Jackson State Cniversity, Jacksim 
Mississippi College, Clinton 
Tougaloo (’ollege, Tougaloo 

Missouri 

Cniversity of MissourM’oluniliia 
Washington Cniversity, St. I.oiiis 

Nebraska 

Nebraska Wesleyan Cniversity, Lincoln 
Cniversity of Nehraska-Lincoln 

Nevada 

Cniversity of Nevada, Reno 



New Hampshire 

Dartmouth ('olh‘g<‘, Hanover 

New Jersey 

Princeton CnivtMsity, Prim eton 
Rutgers the State Cniversity of 
New Jersey Newark ('ampus 
Rutgiu’s the State Cniversity of 
N(*w Jersey N(‘w Brunswick (’aiii[)us 
Stevens Institute of Technology , 
llohoken 

New Mexico 

Cniversity of New Mexico Main 
Campus, AlhiKiuerque 

New York 

ILirnard Colh'ge, N(‘W York City 
('anisius (’ollegt*. Buffalo 
('ity Cniversity of New York 
Brooklyn Collem* 

('ity CniuM'sity of N(‘\\ York 
City (’oll(‘g(‘ 
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City Tniversity of Now Yol k 
M(‘ii)ort H. Loliman Tolle^o 
( iiy Tniversity of Now York 
Hunter College 
(’ity University of New York 
Queens College 
Colgate University, Hamilton 
('oluml)ia University, New York ('ity 
Cooper Union, New York (’ity 
(’oriiell University, Ithaca 
Hamilton Colh‘ge, Clinton 
Ilohart ami William Smith Colleges. 
Cieneva 

Manhattan College, Rivenlale 
New York University, New York (’ity 
Rensselaer UoKlechiiir Institute, 
Renssela(‘r 

State University of New York at Albany 
State University of New York at 
Binghamton 

Slate University of New York at Buffalo 
Stale University of New York at 
Stony Brook 

Union (’ollege, Sehetieclady 
University of Rochester, RoehesU'r 

North Carolina 

i)uk(‘ University, Durham 
North Carolina Slate University. 
Raleigh 

University of North (’arolina at 

ntapel Hill 

North Dakota 

University of North Dakota, (iiand 
Forks 



Oklahoma 

Oklahoma State University 
Main Campus, Stillwater 



Oregon 

Oregon State University, ('oi\allis 
Reed College, Portland 
University of Oregon, Kugeiie 



Pennsylvania 

Bryn MawrColk'ge, Br>ii Mawr 
('arnegie Mellon University, Pittshiirgh 
(iellysl)urg College, (Jetlyshnrg 
Ila\erford College, Haverford 
.luniala College, Huiilinglon 
I.afayeiie ( allege, Kaslon 
Lehigh University, Bethlehem 
Pennsylvania Slal(‘ University 
Main Campus, University Park 
Saint Joseph's University, Pliilad(‘lpliia 
Swarlhmore (’ollege, Swarlhinort' 
Temple University, Philadelphia 
University of Pennsylvania. 
Philadelphia 

University of Piiishurgh Main (’arnpiis 
UniviMsity of Scraiiloii, Scranton 
Ursinus ('ollege, Collegeville 
Villaiiova University, Villaiiova 

Rhode Island 

Brown Univtusity. ProvideiK c 

South Caiolina 

l'niv(‘rsity of South ('arolina-(Nilunihia 
Wofford ('ollege. Spartanburg 



Ohio 

\ntioch Uniwrsity. Yellow Springs 
Uas(‘ W(‘st(‘!*n R(‘sci\e University. 
Ul(‘V(‘laml 

Hiram ('olh'ge, Hiram 
Miami University. Oxford 
oberlill ('olh‘ge, Oherlili 
Tli(‘ Ohio Stat(‘ I 'iiiv(*rsity 
Main ( ampiis, (’ohiinhiis 
Oltio W(‘sleyan University. Delaware 
riii\ersily nfUinriiiiiati Main ( anipiis. 
Uincinnati 



South Dakota 

Uni\ersity of South Dakota, Wnniliinn 
Tennessee 

Fisk Univ(‘rsity. Nashville 
King (’nll(*g(‘, Bristol 
I 'niwt'sity of tin* South. S(‘waiiee 
Univ(*rsily of T(‘tmesst‘e, Know ilie 
\atiderhilt UnivtM'sity. Nashville 

Texas 

Rice rniv(‘rsity, Houston 

St. Mar>‘s 1 ni\(U'sily. San Atitonio 

54 



Avvar(i('e Institutions by State, li)H!) -UJ94 '-•O 



Texas A & M Tniversity, (’ollej»e Station 
IVxasTech ITiiversity, Lubbock 
I'niversity ofTexas at Austin 
ITiiversity ofTexas at El Paso 
ITiiversity ofTexas at San Antonio 



Utah 

University of Utah, Salt Lake (Tty 
Utah State University, Lo|»an 



Vermont 

University of Vtiiiiont, Binini^ton 

Virginia 

Uollege of William and Man. 
Williamsburg 

Hampton University. Ilam[)ton 
University of Virginia. (Tiarlottesvilh* 



West Virginia 

West Virginia University, Morgantow 



Wisconsin 
Beloit College, Beloit 
Lawrenci* University. Appleton 
Marquette University, Milwaukee 
Universiiy of Wisconsin-Madison 



Puerto Rico 

University of Puerto Hieo 
('avey University Uollegt*. Uayt‘V 
Universiiy of Puerto Rico 
Mayagiu'z Campus 
Univ(‘rsity of Puerto Rico 
Rio Piedras (Timpus 



Washington 

University of Washington. S(‘atth‘ 
Washington Statt‘ Univtusity. Pullman 
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Office of Grants and Special Programs 
Publications 



General Publications 

Gnintsfor Srienrc EdunilioH (annual) 

Cnnnnuni(jj Partnerships in Srienre Edurafion, Washinfffon, ll(\, Metn)polifan 
Area Precollege Science Education Initiatives (annual) 



Meetings of Grantees 

Graduate Education Fellows Meetings 
Meeting of Medical Student Fellows, Program and Abstracts (annual) 

Meet i ng of Predoc to rat a n d Phgsi ei a n /^o.s7f/o e to ra I Fellows, lb ogra m and 
Abstracts (annual) 

I ndergraduate Program Directors Meetings 
Attracting Students to Science: Undergraduate and Precollege Programs, I9!)J 
Enriching the Undergraduate Laboratorg Experienee, I9!ld 
Institutional Strategics for Euhaneing Undergraduate Seienee Edueatiou, UM] 
Seience Edueatiou: Expanding the Rote of Seienee Departments. DW> 

Prt^'ollege Science Education Program 
Seience Museums: Creating Partnerships in .SVvV'//rr Edueatiim, //W 
Seienee Museums: Enlisting Communities in Seienee Edueatiou 
Partnerships, I!)!)o 

Hoi i dag Lectures tnt Seienee (l)rochiire) (annual) 



Program Announcements 

Graduate S(*ience Education Program 
Predoetora! Fellowships iu Biological .SV7Vv/rr^s• (annual) 

Research Training Fellowships for Medical Students (annual) 

Post do cto / // / Resea reh Fell o u 'sh ips , fo r Phgs /r /V? //.v ( a n n ii a 1 ) 
rndergraduate Biological S(*iences Ediu ation Program 
Undergraduate Biological Sciences Edueatiou Program (annual) 

Pre(‘ollege and Public Science E(lu(*ation Program 
PrecoUege Science Education Program (annual) 

International Pn)gram 
International Program (bietnnalj 

Information Booklets 

Graduate Science Education Program 

Informal nm for Medical Student Fellows am! Fellowship Institutions (annual) 
Information for Predtwti^ral FelUnrs and Fellowship Institutions (annual) 
Information for Phgsieian Postdoctoral Fellows and Feltow.ship In.ditutions 
(annual) 

I iulergraduat(‘ Biological Sciences Education Program 
Information f(trOdlegf>s and I nirersities Au arded Ihderf/raduate (irants 
(annual) ^ 

Pi(‘col!(‘g(‘ and Public Sci(*nc(* Education Progiain 
Information for Seienee Museums and Biomedical Rtsiareh Institutions 
Awardf'd Preeollerfe (Irants (atunial) 

International Program 

Information f(W Internatifmal Risf'orrh Scholars and (Irantn Institutions 
(bi(‘iinial) 

Bescarcli Besoiu'ces for Medical Schools Program 
R( sea nit Resourt > sfo' Mediral Sr lands Protjram 
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Program Directories 

Graduate Science Hduc ation l^roj^rani 
Directory of Predoctoral Fellows 
Directory of Medical Student Fellows 
Directory of Physician Postdoctoral Fellows 
riidergraduat(‘ Biological Sciences Education Progiam 
Vuderyraduate Program Directory 
Precollege Science Education Program 
Precollege Science Education Program Directory 
International I^rogram 

International Research Scholars Program Directory: Atisfralia, (\inada, 
Me.rieo. Sew Zealand, Vniled Kingdom (availahU* fall IDDo) 



Publications on the HHMI Grants Program may be requested from 

Howard Hughes Medical Institute 
Office of (Hants and S|)ecial I'mgrams 
4001) Jones Bridge Hoad 
(’hevy Chase. Ml) 2OSi:) (i';S0 
(fax) J01'21o-SSSS 
(phom*) 00l-21o-SS70 
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ERIC Grants Publications 



Howard Hughes Medical Institute 



Trustees 



Alexander G. Beam, M.D. 

A(^junct Professor 

The Rockefeller University 

Professor Emeritus 

Cornell University Medical College 

Former Senior Vice President 

Merck Sharp & Dohme, International 



Helen K. Copley 

Chairman of the Corporation 
and Chief Executive Officer 
Th(' Copley Press. Inc. 



Frank William Gay 

Former President 
and Chief Ex(*cutiv(‘ Offict*!* 
SUMMA (Corporation 



James H. Gilliam, *^r., Esq. 
Executive Vice lYesident 
Beneficial (Corporation 



William R. Lummis, Esq. 

(Chairman of the Board of l)in‘ctors 
The Howard Hughes Corporation 

Irving S. Shapiro, Esq., Chairman 
Of Counsel 

Skadden, Arps, Slate, Meagher ^ Flom 
Former Chairman and 
Chief Executive Officer 
E.I. du Pont de Nemours and Company 

George W. Thom, M.D. 

Chairman Emerifns 
Professor Emeritus 
Ilaivani Medical School 

James D. Wolfensohn 
Presidt nt 

Janu‘s I). Wolfensohn Incorporati'd 



Hanna H. Gray, Ph.D. 

I’resident Emeritus 
and lYofessor ofthe Department of 
History and the ('ollege 
The Univ(>rsity of Chicago 
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Howard Huj{ht>s Modical Institute 



Officers 



Purnell W. Choppin, M.D. 

President 



W. Maxwell Cowan, M.D., Ph.D. 

Vice President and 
Chief Scientific Officer 



Joan S. Leonard, Esq. 

Vice President and General Counsel 



Joseph G. Perpich, M.D., J.D. 

Vice President for 
Grants and Spec ial Programs 

Jon C. Strauss, Ph.D. 

Vice President and 
Chief Financial Officer 

Carter F. Wolfe 

Vice President and 
Chief Investment OtTicer 
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Hi .vard Hughes Medical Institute 





Craig A. Alexander, Esq. 


Edward H. Klees, Esq. 


Principal Staff 


Deputy General Couiisel 


Associate General ('ounsei 


Members 


Stephen A. Barkanic 


Robert B. Kuhn III 




Grants Program Officer 


Director of Human Resources 




W. Emmett Barkley, Ph.D. 


Dee Lord, Esq. 




Director of Laboratory Safety 


Associate General Counsel 




Lillian H. Blucher 


Robert H. McGhee 




Managing Director-Investments 
Hlnfred J. Ciingenpeel 


Director of Research Fa< ilities 
Planning 




Director of Purchasing 
Jill Conley, Ph.D. 


Alan E. Mowbray 

Director of Managennuit Sen ic 




Grants Program Officer 

Barbara Filner, Ph.D. 


Robert C. Mullins 
Director of Internal Audit 




Grants Program Officer 
James R. Ga\1n III, M.D., Ph.D. 


Edward J. Palmerino 

Assistant Controller 




Senior Scientifu* Officer 

Donald H. Hartor, M.D. 


Robert A. Potter 

Director of Communications 




Senior Scientific Officer and 


Ellen B. Saflr 




Director, HHMI-NIH Resean h 
S(*holars Program 


Managing Director-Invi'stnu'nt 

Mark W. Smith 




Heidi E. Henning, Esq. 

Associate General ('ounsel 


('ontroller 

Claire K. Hlnestock, Ph.D. 




John A. Jones 

Director of ('om|)uti‘r Sen ices 


Siuiior Scientific Officer 

Robert Yarbrough, Esq. 




Daud W. Kingsbuiy, M.D. 

Senior Scumtiflc OffinT 


Associati^ General Counsel 
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\ ice President for (irants and 
Special Programs 

Stephen A. Barkanic 

IVogram Officer 

I ndergraduate Science Kducation 
Program 



Jill Conley, Ph.D. 

Program Officer 
Precollege and Public Scien( t‘ 
K(iuc;ition Program 
International Program 



Barbara Filner, Ph.D. 

Program Officer 
(iraduate Science Kducation 
Program 

Research Resources Program 



Yvonne P. Forsbergh 

Program Analyst 
Precollege and Public Science* 
Kducation Program 
IiiUunational Program 

Maryrose Franko, Ph.D 

Program Anal\st 

(Jraduate Science Kdm at ion Program 

Gertrude B. Kelly 

Kditor 

Grants Publications 

Maria Koszalka 

Program Analyst 

rndergraduate Science* Kducation 
Program 



Mary McCormick, Ph.D. 

Program Analyst 
Graduate Science Kducation 
Program 

Patricia Soochan 

Program Analyst 

Pndergraduate Science Kducation 
Program 

Keith Sopher 

Program Analyst 

(iraduate Sci(*nce Kducation Program 



Tony Tse 
Program Analyst 
Precollege and Public Sci(*ncc 
K(iu(‘ation Program 
International Program 

Rose A. Napper 

Kxecutive Secretaiv 



Patricia A. Anderson 

Senior Secn*tai> 



Jennifer Brehm 

Senior Secretan' 



Jamie Holizelaw Gresty 

S(*nior Secretan * 



Moscow Office 
Gregory M. Johnson 

Program Coordinator 
Kastern Kurope* and Fornu*r Sovie't 
Pnion Initiativi* 
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